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HILE cardiac auscultation can be dated back to Harvey, it was not until 

slightly more than 50 years ago that graphic registration of these acoustic 
phenomena became available. The instrumentation that made phonocardiography 
possible was that originally designed for electrocardiography. In a sense, elec- 
trocardiography and phonocardiography grew up together; however, while the 
former flourished and grew and still grows, the latter, after an early flourish, 
languished. It seemed, in truth, that ‘‘they had gone about as far as they could 
go.”’ The last decade has seen this situation change. There has been a renais- 
sance of phonocardiography, and undoubtedly the reasons for this are manifold. 
Several factors appear to have played a part in this new growth. Certainly one 
important factor has been improvement in instrumentation. Of importance, too, 
has been the development of cardiac catheterization. Prior to this it was the 
correlation between bedside observation and autopsy confirmation that provided 
basic information on the nature of heart sounds and murmurs. While this type 
of correlation is responsible for the whole framework of cardiac auscultation in 
which we now work, this approach has its limitations. With the introduction of 
cardiac catheterization it became possible to supplement purely anatomic cor- 
relation with physiologic correlation. The importance of this approach rests 
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in the reaffirmation of the thesis that the acoustic phenomena of the heart are 
determined by the physiologic circumstances surrounding their production. 
Proper interpretation of acoustic phenomena, therefore, potentially can provide 
information on alterations in cardiac physiology. Of equal importance in the 
renaissance of phonocardiography is the advent of cardiac surgery. It is this 
stimulus which is responsible for changing the entire climate of auscultation and 
phonocardiography. Matters pertaining to cardiac acoustics can no longer be 
regarded as merely intellectual exercises performed at the bedside by a coterie 
of devotees. The man who can hear what the heart is trying to tell him now be- 
comes a valuable member of the cardiovascular team. Surely one signpost that 
the good old days are gone is the sight of the surgeon not only carrying a steth- 
oscope but also using it. 

In the last analysis, however, credit for advances belongs to people and not 
to things. And, perhaps, the lion’s share of the credit for the renaissance of phono- 
cardiography belongs to the English school of workers led by Aubrey Leatham.! 
Our interest in this field has arisen from our introduction of the technique of 
intracardiac phonocardiography, the recording of sounds and murmurs from 
within the heart.2 This method has impressed us as providing a powerful new 
tool for use in the study of cardiac auscultation and phonocardiography. 

No attempt will be made to review in any detail the subject of phonocar- 
diography. Those interested should consult recent monographs*-® and two recent 
symposia.’ In the space available reference will be made to a few of the areas 
under active investigation, and where observations seem pertinent to us they 
will be cited. The purpose of this discussion is to indicate that phonocardio- 
graphy is a subject deserving further investigation, and that in this respect its 
status parallels many fields of clinical medicine. Yesterday we ‘‘knew all there 
was to know”’ about the subject. Today we have a great deal to learn. 


RECORDING THE CARDIAC CYCLE 


The events of the cardiac cycle are well known to all. Illustrations of the 
relationship between electrocardiogram, cardiovascular pressures, heart sounds, 
and other parameters are found in standard physiology texts and familiarity 
with them is gained in the first year of medical school. Recent reinvestigations 
of these matters have brought forth additional information of value. It has been 
known for some time that the first heart sound includes a number of components. 
While the question as to what parts of this sound are due to muscle contraction 
and what parts are due to valve action appears to be unsettled, it is clear that 
the major vibrations occur at the time of valve motion. Specifically these are 
closure of the atrioventricular valves and opening of the semilunar valves. It 
was originally pointed out by Luisada and co-workers’ that in the normal sub- 
ject the order of events is as follows: mitral closure, tricuspid closure, pulmonic 
opening, and aortic opening. Simultaneous pressure recordings from the right 
and left heart by Braunwald and co-workers!® are in keeping with this. They 
observed that although left ventricular contraction begins before right ventricu- 
lar contraction, the duration of isometric contraction of the left ventricle exceeds 
that of the right ventricle. The observations we have made thus far of sounds 
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recorded simultaneously from within both ventricles agree with Luisada’s con- 
clusions; however, the precise identification of these components of the first 
heart-sound complex in the chest phonocardiogram remains a problem. 

The identification of mitral closure usually is not difficult. It is the first 
of the major vibrations. From our experience, it can safely be used to measure 
the Q-M, interval (the time from the onset of the ORS complex of the electro- 
cardiogram to closure of the mitral valve) as an aid in the assessment of the degree 
of mitral stenosis. 

Attention has been called to the component due to tricuspid closure. For 
example, its delayed appearance in right bundle branch block has been cited." 
We have had great difficulty in identifying this component in the chest phono- 
cardiograms. When simultaneous sound recordings are obtained both from within 
the right heart and on the chest the former tracing shows tricuspid closure, and 
yet no definite vibration or set of vibrations can be identified in the latter tracing. 
Since in the normal subject mitral closure closely precedes tricuspid closure, the 
louder vibration from the left side of the heart may be obscuring the less intense 
vibration from the right side, in the type of tracing we obtain. In the case of 
severe mitral stenosis where simultaneous recordings show tricuspid closure now 
preceding mitral closure, however, it has not been possible to identify any sig- 
nificant vibrations in the chest phonocardiogram occurring at the time of tri- 
cuspid closure. We have therefore raised the question as to what part tricuspid 
closure plays in the make-up of the first heart sound. 

The separation of pulmonic and aortic valve opening offers similar diffi- 
culties, in that positive identification is at best very difficult. It might appear 
that such a fine dissection of a sound is picayune. Identification of these com- 
ponents, however, provides a means of measuring the duration of isometric 
contraction, an important cardiac parameter. Furthermore, our observations of 
the heart sounds in experimental myocardial infarction in dogs indicates that 
there are changes in the intensity of the components of the first sound perhaps 
related to the severity of the infarct.’ This seems to us another ‘‘closed’’ chapter 
of clinical medicine that deserves reopening. 

In some patients an audible splitting of the first heart sound may be dis- 
cerned. The evidence of other investigators, with which we are in agreement, 
indicates that in most instances the second component of this split is not truly 
a part of the first sound but represents, rather, an early systolic ejection sound. 
This early systolic ejection sound occurs after the opening of the semilunar 
valves during the phase of rapid ejection. It is thought to be due to sudden dis- 
tention of a great vessel, either the aorta or pulmonary artery. It is seen when 
there is dilatation of and/or hypertension within the great vessel in question. 
When an ejection sound is heard the question arises as to whether it is aortic 
or pulmonic in origin. Phonocardiographic critéria for answering this question 
remain to be established. 

In contradistinction to the relative infrequency of true splitting of the first 
sound, recent investigations reveal the relative frequency of true splitting of 
the second heart sound. In the normal subject aortic closure precedes pulmonic 
closure; this is borne out by pressure recordings which reveal that left ventricular 
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systole ends before right ventricular systole. The intracardiac phonocardiogram 
provides additional information on the localization of these two components. 
Recordings from within the pulmonary artery in most instances reveal pul- 
monic valve closure and not aortic valve closure, and recordings from within 
the aorta show aortic valve closure and not pulmonic valve closure. Identification 
of the two components of the second sound can usually be made by auscultation. 
Where doubt exists, the phonocardiogram will answer the question. The impor- 
tance of this identification has been emphasized in the diagnosis of bundle branch 
block" and various types of congenital cardiovascular malformations." 


RECORDING CARDIAC MURMURS 


In the realm of heart murmurs an important advance, we feel, is the classi- 
fication of systolic murmurs by Leatham.” This classification divides systolic 
murmurs into the ejection tvpe and regurgitant type. These have different sites 
of origin and different internal characteristics. As Leatham has pointed out, the 
internal characteristics of each type are a necessary consequence of the phys- 
iologic events surrounding its origin. The importance of this parameter of the 
murmur lies in the fact that it is independent of the area of the thorax to which 
a murmur may be transmitted. When this parameter is combined with the effect 
of respiration on systolic murmurs, the particular valve from which a murmur 
originates becomes clearer. In particular, systolic ejection murmurs originate at 
semilunar valves and systolic regurgitant murmurs originate at atrioventricular 
valves. Inspiration increases the intensity of murmurs originating in the right 
heart, and decreases the intensity of murmurs that originate in the left heart. 


In a discussion of the role of intracardiac phonocardiography in the study 
of cardiac acoustics we might conclude these remarks with a discussion of mur- 
murs from the right heart, as one example of matters that have interested us. 
Consider first the pulmonic valve. When one listens to normal individuals some 
show a systolic murmur that is ejection in type and increases in intensity with 
inspiration. This has been referred to at times as the ‘“‘normal systolic murmur.” 
According to the above criteria it is pulmonic in origin. It is usually heard at the 
base of the heart to the left of the sternum. Not all individuals show it. It is 
more common in children and in situations during which flow is increased, such 
as fever, exercise, anemia, and pregnancy. When a highly sensitive recording 
apparatus is used'® it is heard in everyone. These observations suggest that it 
is present in all but reaches the threshold of the stethoscope only in some indi- 
viduals or under certain conditions. Intracardiac phonocardiography reveals 
that there is a murmur present in the pulmonary artery in all individuals. It is 
ejection in type and increases in intensity with inspiration. Its intensity is greater 
with increased flow. Furthermore, when the normal systolic murmur is present 
on the chest, simultaneous recordings from the chest and within the pulmonary 
artery reveal identical tracings. 

The problem which needs clarification is how to distinguish the normal 
systolic murmur from that due to disease. Certain criteria based on associated 
acoustic phenomena are well known and aid in this differentiation. One factor 
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that has been noted in this differentiation is the frequency of the murmur. Com- 
parison of systolic murmurs recorded from within the pulmonary artery, under 
varying circumstances but in the absence of disease, reveal that all are low in 
frequency. On the other hand, in the presence of disease of the pulmonic valve 
higher frequencies are recorded. The question as to the relationship between the 
frequencies recorded and the severity of the pathologic condition is under in- 
vestigation. 

Finally, consider the tricuspid valve. When this valve becomes insufficient it 
produces a regurgitant-type systolic murmur whose intensity is increased with 
inspiration. This effect of inspiration was first pointed out by Rivero Carvallo,!’ 
and sound recordings taken from within the right heart confirm this observation. 
A positive Rivero Carvallo sign, therefore, is due to an increase in intensity at 
the site of origin, not to changes in the nature of the transmission of the murmur. 
Having been impressed by the relative frequency of this murmur in the intra- 
cardiac recordings, we have been stimulated to listen for it more closely at the 
bedside. Our current experience indicates that it is more common here than we 
had originally thought. When intracardiac sounds from the right heart are re- 
corded simultaneously with sounds from the chest, however, in a certain per- 
centage of cases this murmur is not transmitted to the chest wall. In any event 
it need not be accompanied by the usual clinical signs of systolic expansion of 
the neck veins or liver, or even with changes in the contour of the right atrial 
pressure wave. It is not uncommon in situations in which right ventricular pres- 
sure is elevated, and, as McMichael and Shillingford'’ have pointed out, in heart 
failure. Consider for a moment the phenomenon of tricuspid insufficiency in the 
presence of right heart failure. Mention has been made of the observation that 
inspiration causes an increase in the intensity of the murmur of tricuspid insuffic- 
iency. The explanation that has been offered states that inspiration increases 
right ventricular filling which in turn increases right ventricular stroke output. 
The increased stroke output is then responsible for the increase in the intensity 
of the murmur. The law of the heart as proposed by Starling established that, in 
the presence of heart failure, increased ventricular filling is followed by a decreased 
stroke output. On this basis then, in right heart failure, inspiration should cause 
a decrease in the intensity of the murmur of tricuspid insufficiency. The intra- 
cardiac phonocardiogram shows clearly that it increases. Several explanations 
are open. Either the postulated train of events from inspiration to increase in 
stroke output is in error, or perhaps there is really ‘‘a breakdown of Starling’s 
law with a rising venous pressure.’’!* Since the problem touches at the basis of 
our previously held concepts of cardiac function, it would seem to warrant further 
study. 


SUMMARY 


It has been suggested that cardiac auscultation and phonocardiography are 
presently in a period of renewed investigation. The renaissance of phonocardio- 
graphy has brought forth new and valuable information and promises to yield 
more with time. To this end, the technique of intracardiac phonocardiography, 
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by virtue of its ability to localize the production of sounds and murmurs, offers 
a new and powerful tool for study. It is, however, only one type of approach. 
Furthermore, since it involves cardiac catheterization it can hardly be called 
a routine clinical measure, but the information thereby obtained may provide 
additional criteria that can be applied to routine clinical examination. Certainly 
the current criteria indicate that the stethoscope and its graphic counterpart, 
the phonocardiogram, provide useful information. Future investigations will 
determine to what extent this may be improved upon. It is indeed interesting 
that the stethoscope, a clinical instrument long revered and in widespread use, 
should turn out after all to be such a valuable tool. Who can say but that in time 
its importance to us at the bedside may rival that of the slide rule or even the 
table of milliequivalents. Up the lowly stethoscope! 


It should be clear that the personal observations alluded to herein could not be those of a 
single individual. Rather the author is acting, in this regard, as a spokesman for a group consist- 
ing of himself, Dr. George W. Deitz, Mr. John D. Wallace, and Mr. James R. Brown, Jr., and 
more recently including Drs. Giorgio Feruglio, Ali Ertugrul, Abdol-Nabi Moghadam, Sami A. 
Khalil, Antonio C. DeLeon, Jr., and Santiago V. Guzman. 
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HE Eastern Cooperative Cancer Chemotherapy Group was formed under 
the sponsorship of the Cancer Chemotherapy National Service Center of 
the National Cancer Institute in 1955.! The members of the group undertook 
a critical examination of the methodology of clinical cancer chemotherapy trials 
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and, based on this review, began a study of cancer chemotherapy in man. It 
was hoped that this study would permit an understanding of what was required 
for quantitative comparisons between the effectiveness of two anticancer drugs. 
These investigations were modeled in part upon the experience gained in a similar 
study of acute leukemia.” The specific purposes were: 

1. To study the feasibility and usefulness of collaborative clinical research 
in cancer chemotherapy. Successful collaboration would (a) permit more rapid 
evaluation of new drugs, (b) take advantage of the experience of several investi- 
gators, (c) solve the problem of common criteria and other semantic traps, and 
(d) allow broader generalization from the results than would be possible from 
those of a single hospital. 

2. To apply known principles of the therapeutic trial to clinical cancer chemo- 
therapy. Most of the drugs now available are so toxic that one is usually balancing 
minor therapeutic gain against the possibility of serious therapeutic mischief. 
Widely varying claims are also made by different clinicians about the usefulness 
of any given drug, not only because of differences in criteria and semantics, but 
also because of different frames of reference developed in respective experiences. 
Direct comparative trial under similar conditions would give reliable data on 
the place of several drugs in the therapy of cancer. 

3. To develop useful quantitative measures of antitumor effect of drugs 
upon human solid tumors. Quantification of the effects of drugs upon animal 
and human tumors is needed in order to determine the predictability value of 
studies in animal cancer for human cancer. 

4. To compare the effectiveness of two alkylating agents, triethylene thio- 
phosphoramide (thio-TEPA, TSPA) and methyl-bis(8-chloroethyl)amine (HN2, 
mechlorethamine, nitrogen mustard). HN2 is widely used and is considered by 
many to be ‘‘standard”’ therapy. Thio-TEPA was chosen as the ‘‘new agent’”’ 
because when the study was planned its relative effectiveness was under debate.*~* 

The present communication records in detail the methodology of this trial 
and presents the results obtained in the comparison of the two alkylating agents. 


MATERIALS AND METHODS 


General Plan.—The methods chosen for the therapeutic trial were the classic 
ones described elsewhere.*- The major components of the trial were: 

1. Study of four representative tumors—an adenocarcinoma (cancer of 
the breast), an epidermoid carcinoma (cancer of the lung), malignant melanoma, 
and a lymphoma (Hodgkin’s disease). 

2. Inclusion of no patient who was a candidate for definitive surgical or 
radiation therapy (all patients had an inoperable primary or metastatic tumor). 

3. Comparison of effects concurrently, to avoid the serious difficulties in- 
volved in the use of historical controls. 

4. Randomization of patients by tumor type between the two drug therapies. 
The purpose of the randomization was to givé all patients an equal chance of 
receiving either drug without bias, conscious or unconscious, and thus provide 
comparability of the two groups. 

5. Use of objective measurement of tumor size as an end point of drug effect. 
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6. Final determination of effect by all cooperating investigators, by vote 
without the prejudicial knowledge of which drug the patient had received. 
7. Administration of specified dosages of drugs for standard time periods 


for all patients, so as to avoid as much as possible large differences in drug sascha 


8. Statistical analysis of data. 

9. Frequent meetings of the investigators to ensure common application of 
the conditions agreed upon and common solution of unanticipated difficulties. 

The result of the above considerations was a protocol which each investi- 
gator followed (Appendix A). It will be noted that drug was injected once daily 
for 4 days at the start of treatment, followed by a series of weekly injections 
starting 2 weeks after the first course of injections, unless hematopoietic de- 
pression (of specified severity) precluded. The individual doses were 0.1 mg./Kg. 
for HN2 and 0.2 mg./Kg. for thio-TEPA. The full course of treatment was 90 
days. 

Collation of Data.—The details of the chemotherapy data on individual 
patients, i.e., the completed flow sheet, measurement sheets,'? and summary 
sheet (Appendices B, C;, C2, D, and E), were sent to the statistician. These 
were reproduced and distributed to all participants. The reproductions did not 
show which drug had been given. Evaluations were made by the participants 
independently prior to the group meeting. Appendix F contains the instructions 
for the use of these forms. At the meeting the individual patients were discussed 
and these votes were recorded on the evaluation sheet (Appendix G). As seen 
in the evaluation sheet, the estimation of drug effect was divided into these 
categories: (1 and 2) change in tumor size, (3) major untoward effects, (4) other 
beneficial effects, (5) total evaluation, (6) survival time, and (7) change in number 
of metastases. 

Decision as to reduction in individual tumor size was made independently 
by each participant after observing the plots of the products of serial measure- 
ments for each lesion. In appraising the reduction of total tumor mass, the change 
in the number of tumors as well as change in size of measured tumors had to be 
considered.'* Early in the study it was apparent that transient reduction in total 
tumor mass was sometimes followed by rapid recrudescence. Thus total reduction 
in tumor size is divided into “‘transient’’ (less than 90 days) and “‘prolonged”’ 
(reduction still present at end of 90-day period). ‘‘Other beneficial’’ effects 
included appreciable improvement in activity, appetite, weight, and well-being, 
and decrease in pain or other symptoms. Toxicity is considered under “‘ major 
untoward”’ effects. In general, an untoward effect was considered major when 
it was severe enough to preclude the administration of further alkylating agent. 
The purpose of the “‘total evaluation’’ was to obtain an over-all judgment on 
whether the administration of drug resulted in a net benefit to the patient. 

Definition of Responses.—Treatment was considered to give a positive re- 
sponse if either (1) the total measured tumor mass decreased, with no lesions 
increasing in size and no new lesions appearing, as recorded in item 2 of the voting 
sheets, or (2) the group of voting physicians considered that the treatment had 
been of benefit to the patient as a whole, considering subjective responses and 
untoward effects in addition to tumor measurements. 
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Measure of Duration of Response.—A positive response was defined as having 
begun at the time two consecutive measurements of all lesions were as small or 
smaller than the previous measurements, and it was considered to have ended 
when two consecutive measurements showed increases. 


TABLE I.—REASONS FOR REJECTION OF PATIENTS FOR STUDY 


| | REASONS FOR REJECTION 


| PATIENTS | TREATED | TOTAL 
TYPE OF CANCER} CON- | IN |REJECTED| TUMOR OTHER NOT MORIBUND 
| SIDERED | STUDY NOT | PRIOR | TREAT- | PROVEDOR| OR DIED 
| | 


| MEAS- | TREAT- | MENT IN- WRONG BEFORE OTHER 
URABLE | MENT DICATED DISEASE | STUDY BEGAN 


Breast 250 | 76 174 40 45 36 6 15 By 
Lung | 325 | 132 193 39 23 21 64 20 26 
Melanoma | 58 30 28 9 3 5 3 3 6 

| 20 66 10 27 4 16 0 9 


Hodgkin’s disease} 86 


66 38 


A portion of the log book of one institution was lost; hence, the number recorded is less than the 
true total for this study. 


TABLE I].—COoMPOSITION OF THE. PATIENT SAMPLE BY HOSPITAL 


HOSPITALS 
] 
TYPE OF CANCER | | DISTRICT 
JOHNS OF JACKSON NATIONAL | ROSWELL LEMUEL ALL 
| HOPKINS | COLUMBIA | MEMORIAL CANCER PARK SHATTUCK | GROUPS 
| GENERAL INSTITUTE 


| 
Breast We: Bs ure 6 17 22 1 76 
Lung 
No prior x-ray 4 24 20 8 8 26* 103* 
Prior x-ray ie 2 5 2 4 10 29 
Melanoma “ 2 4 19 ae 2 30 
— —_— 8 9 2 1 20 


Hodgkin's disease 


40 258 


Total 


wn 
an 
wn 
on 
w 
nN 


*Including 15 patients subsequently given x-irradiation as primary therapy as a further comparison 
with HN2 and TSPA. This portion of the study will be reported separately.18 


Drugs.—Single lots of thio-TEPA and HN2 stored at 4° C. as dry powder 
in ampules were used throughout the study. The potencies did not change, as 
shown by the equivalent hemopoietic depression seen in patients at the start 
and end of the study. In addition, chemical and biologic assays of thio-TEPA 


were identical before and after the study. 
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RESULTS 

Patients.—Of 719 patients considered for study, 461 were rejected for the 
reasons shown in Table I. The composition of the group of 258 patients studied 
is shown in Table II. 


TABLE IJT.—SELECTED CHARACTERISTICS OF PATIENTS AT START OF DRUG THERAPY 


| DURATION OF DIS- 

| EASE FROM DIAG- 

MEAN | NOSIS TO THERAPY 
NUMBER MEDIAN PER- (MONTHS) 

TYPE OF CANCER OF HGB. | FORMANCE). 

PATIENTS* (aM.%)| STATUST | 

| 95% CON- 

MEAN |. FIDENCE 


56 
56 


Breast TSPA 
HN2 


on 
on 
a> 

ww 


Www 


Lung 
No prior x-ray | TSPA 
HN2 
Prior x-ray TSPA 
HN2 
Melanoma TSPA 
HN2 
Hodgkin’s disease | TSPA 


58 
60 
56 
60 
42 
54 
27 
31 


bo 


KOO 


— no 


WNW Ree 
UN 


CONN WR 


WH 


| HN2 


*On whom complete data were available for all items given. 
+The lower this number, the better the performance status (see Appendix F). 


TABLE IV.—COMPARABILITY OF PATIENTS BY SITES OF METASTATIC INVOLVEMENT 


PER CENT OF PATIENTS HAVING 
| METASTATIC INVOLVEMENTT 
MEAN 
TYPE OF CANCER TOTAL* | METASTATIC | | | 
PATIENTS | INVOLVEMENTT | | NONE OR 
Vv | NOT NOTED 
| 


16 59 26 49 
60 66 | 29 43. 
5 | 33 | 21 | 
12 | 31 | 21 | 
15 | 46 | 46 
0| 5: 
50. 


Breast TSPA 
HN2 


Lung 
No prior x-ray | TSPA 
HN2 
Prior x-ray TSPA 
HN2 
Melanoma TSPA 
HN2 
Hodgkin’s disease | TSPA 
HN2 


*On whom complete data were available. 

+Average number of major systems or sites having metastases. 

tSince there is a probability of under-reporting of metastases, these data should not be used as a 
description of total metastatic spread. Any system having involvement was reported no more than 
once per patient no matter how many actual metastases of that system were reported. C = cutaneous, 
O = osseous, S = soft tissue, P = pulmonary, L = lymph nodes, V = visceral. 
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| | | | | | | | LIMITS 
35 0 | 10.3-25.7 
42 40 
| 45 44 
| 14 14 
15 | 14 
16 6 
| 14 6 
| il 5 
| 9 6 
| 35 | 60 29 | 0 
39 | 41/23] 13 
| 45|21| 14 
| 
| 44 19 0 
| 30; 21 | 21 | 7 
| | 18| 0| 9/ 18/64/27] 18 
| 29) 1 0 
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Comparability of Patients Receiving HN2 With Those Receiving Thio-TEPA.— 
As shown in Table III, there was reasonable comparability of age, performance 
status, initial hemoglobin, and leukocyte count. Median duration of disease 


before therapy was comparable for the patients receiving the two drugs, with 
perhaps two exceptions. In Hodgkin’s disease, the thio-TEPA-treated patients 


TABLE V.—ToTAL DOSAGE AND DURATION OF TREATMENT WITH DruGs 


PATIENTS WITH POSITIVE RESPONSE |PATIENTS WITHOUT POSITIVE RESPONSE 


MEAN DURA- MEAN MEAN DURA-| MEAN 
TYPE OF CANCER | DRUG | PATIENTS TION OF AMOUNT OF TION OF | AMOUNT OF 
| NUMBER | DRUG PERIOD | DRUG GIVEN | NUMBER | DRUG PERIOD | DRUG GIVEN 

(MG.) (DAYS) (MG.) 


125 108 


Breast TSPA 
| 


HN2 


cow 
oo 


Lung 
No prior x-ray | TSPA | 
HN2 


145 
61 
210 


Prior x-ray 


Melanoma 
HN2 | 
Hodgkin’s disease TSPA 
HN2 


Nagao pa 
Gr 


TABLE VJ.—SumMary OF VOTING BY NUMBER OF PATIENTS 


SINGLE TOTAL MEASURED | UNTOWARD TOTAL 
TUMOR TUMOR SIDE OTHER BENEFIT TO 
DECREASE DECREASE BENEFIT PATIENT TOTAL 


Breast 


Lung | 
No prior x-ray | 


Prior x-ray 


Melanoma 
HN2 
Hodgkin’s disease | TSPA | 
H 


CO 
oroocors 


were started on therapy earlier in the course of their disease than those who 
received HN2. The opposite trend is apparent in the melanoma subgroups. 
In neither instance, however, do the subgroups differ at the 0.05 level of sig- 
nificance. The patients with Hodgkin’s disease receiving thio-TEPA also had a 
somewhat better performance status prior to therapy. In Table IV an attempt is 


11 
46 | 1 71.3 35 49 
90.0 13 120 
HN2 | 15 50 
16 | 20.0 57 113 
66.7 3 158 
66.7 65 0 
E | YES | NO YES | NO | YES | NO YES NO YES NO 
'TSPA| 10 | 29 | 3 36 36 | 3 | 36 | 39 
HN2 | 12 | 25 7 30 31 | 8 | 29 37 
TSPA| 9 | 33 | 4 | 38 # 
| 14 | 32] 9 | 37 39 | 8 | 38 | 46 
$j | | 14 14 | 0 | 14 14 
4 | 9 0 9 
| 
| | | 
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made to appraise the extent of metastatic involvement by listing the number 
of patients having metastatic spread to various sites. While this is an arbitrary 
and perhaps artificial categorization, it does give an indication that the two 
treatment groups had approximately equally extensive disease. In Table V are 


TABLE VII.—RESPONSES OF ALL PATIENTS TO HN2 AND Tut0o-TEPA 


| | 
FAILURES* SUCCESSES 
| 


| | 
| | | | PER CENT | GRAND 
TYPE OF CANCER) DRUG | WITH | WITH | WITH | | ‘SUCCESSES) TOTAL 
UN- | NO UN-| SINGLE NIN | GENERAL | | 
TOWARD | TOWARD| TUMOR | TOTAL | TUMOR | BENEFIT | TOTAL | | 
EFFECTS | RESPONSE MASS ONLY | 


26 
19 


33 
30 
10 
9 


No prior x-ray TSPA 
HN2 


Prior x-ray 


Melanoma A | 
| HN2 | 
Hodgkin’s disease. TSPA | 
| HN2 | 
| 


WO Nore 


ooonwoco He 


\ 


*Increase, no change, or regression of single lesion of total measured tumor mass. 

tSignificant reduction in total measured tumor mass or objective improvements related to tumor 
regression (general benefit). 

tOne patient with ‘‘untoward effects’’ is included as a success. 


TABLE VIII.—GRraADED MEASURES OF RESPONSE FOR PATIENTS SHOWING PosITIVE RESPONSE 


PATIENTS SHOWING MEAN DURATION OF | MEAN REDUCTION IN 


TYPE OF CANCER | DRUG POSITIVE RESPONSE RESPONSE (DAYS) MEASURED TUMORS 


Breast  TSPA | 4/39= 10% 145 + 11.6 + 19% 
| NS.D.* N.S.D. | NS. 
| HN? 9/37 = 24% 36+ 7.5 | 44% 9% 


TSPA | 4/42= 10% 65 + 19.0 50 + 10% 
N.S NS 


Lung—no prior 


x-ray N.S.D. 


| 
| HN2 12/46 = 26% i 8% 
| TSPA 8/11 = 73% | 

N.S.D 
| HN2 9/9 = 100% 


Hodgkin’s disease 


*No significant difference. 
+Significant difference (P < 0.01). 


shown the duration of drug therapy and the total amounts administered. Dur- 
ation of therapy was equivalent for both groups. The patients on thio-TEPA 
received approximately twice as much drug as those on HN2, validating the 
original intent of giving double the dose of HN2, a dose ratio chosen, on the 
basis of preliminary human pharmacology, to achieve equivalent marrow toxicity. 


—— 
| 35 | | 10 | 39 
_TSPA | | 
Breast HN2 i | | 28 
| 1 
SPA | | 15 | | 0 | 15 
HN2 | 
| | 0 | 
| | 
ea 3 | I 
| 0 | 0 
: 
D. 
S.D. 
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Responses to Treatment.—In Table VI are shown the basic data on the voting 
on response. These results are summarized in Table VII. Reduction in size of 
a single tumor when several metastases were present was not considered as a 
““success.”’ 

Hodgkin's disease: In previously untreated Hodgkin’s disease, there was 
no significant difference in the number of patients responding positively to the 
drugs. Of the 9 nitrogen mustard-treated patients, 8 had marked regression of 
tumor, while this was true in 7 of 11 treated with thio-TEPA. In Table VIII the 
character of these regressions is examined. The mean remission following the 
thio-TEPA was 44 + 7.3 days, while that achieved on nitrogen mustard was 


SURVIVAL TIME HODGKINS DISEASE 
| | | | 


ThioTEPA 


I5 30 35 
MONTHS AFTER START OF THERAPY 


Fig. 1 


81 + 5.6 days. It should be pointed out that the study ceased at 90 days and 
patients were not observed beyond that for duration of remission, so that the 
average remission in the HN2-treated group was 81 days out of a possible 90. 
The mean maximum reduction in tumor size was 36 + 6 per cent for the patients 
on thio-TEPA and 70 + 6 per cent for those on HN2. Both of these differences 
concerning the character of the remission are significant at the 0.01 level. 


Cancer of the lung without prior irradiation: More patients receiving nitrogen 
mustard had antitumor effect than those receiving thio-TEPA. The mean du- 
ration of tumor regression (Table VIII) was 65 + 19.0 days in the 4 patients 
responding to thio-TEPA, and 50 + 8.5 days in the 12 patients responding to 
HN2. Neither of these differences is significant at the 0.05 level. 
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SURVIVAL TIME CANCER OF THE LUNG WITH NO PREVIOUS 
IRRADIATION 


| 


«_ThioTEPA 


8 12 
MONTHS AFTER START OF THERAPY 
Fig: 2 
SURVIVAL TIME CANCER OF THE LUNG PREVIOUSLY 
IRRADIATED 


ThioTEPA 


| 
4 6 8 10 l2 14 


MONTHS AFTER START OF THERAPY 
Fig. 3 
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SURVIVAL TIME MELANOMA 


ThioTEPA 


4 12 
MONTHS AFTER START OF THERAPY 


Fig. 4 


SURVIVAL TIME CANCER OF THE BREAST 


|_ ThioTEPA 


HN, 


MONTHS AFTER START OF THERAPY 


Fig. 5 
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Carcinoma of the lung with prior irradiation: There were very few antitumor 
effects and no significant differences between the two drugs. It can be noted in 
Table III that this group of patients was treated 6 months after diagnosis, while 
the patients who had received no irradiation were treated 1.5 months after diag- 
nosis. 

Malignant melanoma: There were no significant differences although 2 pa- 
tients on thio-TEPA showed a transient antitumor effect. In 1 patient an effect 
occurred during the course of a pregnancy; in the other patient, during a rapidly 
degenerating course. In neither instance was the tumor regression marked. 

Cancer of the breast: Both drugs were associated with antitumor effect. 
The mean length of regression was 45 + 11.6 days for the 4 patients responding 
to thio-TEPA and 36 = 7.5 days for the 9 patients responding to HN2 (Table 
VIII). The mean reduction in tumor size was 30 + 19 per cent for thio-TEPA 
and 44 + 9 per cent for HN2. The differences are not significant at the 0.05 level. 

Life Table Analyses of Survival Times.—These are shown in Figs. 1 to 5 
and are calculated from the time of onset of treatment.:'® There were no sig- 
nificant differences for any of the diseases between the survival of patients re- 
ceiving nitrogen mustard and of those on thio-TEPA. 


TaBLeE [X.—MaximuM WHITE BLoop CELL Count CHANGES* (MEDIANS IN THOUSANDS) 


COUNT 


} 
NUMBER OF | 
| 


AT START CHANGE 


TYPE OF CANCER PATIENTS 
| | 
| 


WwW 


Breast 


Lung 


No prior x-ray 
Prior x-ray 


Melanoma 


Hodgkin’s disease 


PET UAW 


All diseases 


*Excluding patients for whom data were incomplete. 


Comparative Effect of the Two Drugs on the White Blood Cell and Platelet 
Counts.—These are shown in Tables IX and X. Nearly equivalent responses of 
the white blood cell and platelet counts are seen in all instances. The differences 
noted in changes of the white blood cell and platelet counts in Hodgkin's disease 
are not significant at the 0.05 level.!? These equal responses indicate that the 
dosages of drugs used gave equivalent hematologic effects. 


| 
11 
960 
| 
a | TSPA | 33 | 7 | | | 3.7 
| HN2 35 | 4.0 
| | | 
| TSPA 10 5.0 
38 | 12 | 6.7 
| TSPA | 11 12 | | 6.6 
| HN2 14 | 10 | | 4.7 
Pe | TSPA 14 8 4.1 
HN2 13 7 | 5.1 
TSPA 11 7 | 3.5 
HN2 8 8 | | 5.2 
| TSPA 100 on | | 
HN2 | 108 | 9 | 5.3 
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Comparative Toxicity of Nitrogen Mustard and Thio-TEPA.—Toxic effects 
from drugs sufficient to warrant discontinuation of therapy are shown in Table 
XI. There were no striking differences between the two drugs. 


TABLE X.—MAXIMUM PLATELET CouNT CHANGES* (MEDIANS IN THOUSANDS) 


| NUMBER OF 
| PATIENTS 
| 
| 


AT START CHANGE 


Breast TSPA | 282 131 
| J 259 155 


331 166 
319 
Prior x-ray ae a 303 

249 


Melanoma SEA. 244 
N | 246 

N 246 


Lung 
No prior x-ray 


All diseases | Sez 301 
J 109 270 


| 


*Excluding patients for whom data were incomplete. 


TABLE XI.—List or MAJOR UNTOWARD EFFECTS AS DETERMINED BY VOTING 


| 
NUMBER SHOWING TOXICITY 


TYPE OF TOXICITY PATIENTS PATIENTS 
ON HN2 ON THIO-TEPA 


Excessive vomiting 

Thrombocytopenia* and leukopeniat without sepsis or bleeding 
Thrombocytopenia and leukopenia with sepsis or bleeding 
Mental confusion 


Total 
Total patients 


*Platelet count below 75,000 per cu. mm. 
+Leukocyte count below 3,000 per cu. mm. 


DISCUSSION 


Cancer is a collective term encompassing a variety of diseases often mani- 
festing themselves in such insidious and subtle ways upon the host as to make 
difficult the measurement of the effects of therapy. Because of the frequent lack 
of something to measure accurately, only a minority of patients with cancer can 
be studied to obtain precise data on the effect of drugs. A single hospital cannot 
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| COUNT 
TYPE OF CANCER | DRUG S| 
140 104 196¢ 
128 118 
146 
86 160 
150 Bs 
125 145 
2 0 
5 
0 
1 0 
8 5 
122 121 
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make enough observations in such highly selected patients to give adequate 
data within a reasonable time. To the authors, collaborative research in cancer 
chemotherapy seems the most feasible mechanism for the rapid and accurate 
clinical evaluation of the many new drugs shown to have antitumor activity 
in experimental systems. The present study was started in order to estimate 
the validity and practicability of this type of chemotherapeutic study in pa- 
tients with cancer. The experiences of the group to date permit the conclusion 
that such a technique is feasible and with certain improvements should provide 
a precise method for the quantitative comparison of two or more anticancer 
therapies. Some general comments are in order concerning the advantages and 
shortcomings of this technique. 

Advantages.—(1) The technique provides a larger number of suitable pa- 
tients than could be seen in one hospital. (2) The effects of the drug upon the 
tumor can be expressed quantitatively. (3) The end point of drug effect is ob- 
jective, and bias, to a large extent, has been eliminated from the judgment of 
effect. (4) In comparing one drug with another, the drugs can be given to groups 
of patients with comparable extent of disease. (5) The application of the protocol 
is comparable for all patients with respect to the criteria used, pharmacologic 
factors, and general clinical management. (6) Direct comparison of the toxic 
effects of drugs is possible. 

Objections.—The objections which might be made against this method of 
studying drugs are as follows: (1) Too much time is required in planning and 


carrying out such studies, in having frequent meetings, and in traveling to and 
from these meetings. (2) Randomization procedure may not achieve compar- 
ability of patients. (3) Protocol studies do not permit the investigators the 
independence of action desirable in the practice of medicine. 


A brief comment should be made concerning these objections. It is unques- 
tionably true that such studies require a great deal of thought in planning and 
can be carried out only by frequent meetings of the investigators and discussion 
of their difficulties. Moreover, it is essential in such trials that such meetings 
be frequent in order that the criteria agreed upon be kept constant, that problems 
as they arise be settled by a general consensus, and that the various methods 
of evaluation be applied equivalently by the several investigators. Such planning 
is difficult, but the alternative to it requires that many of the most important 
factors in such trials be left to the operation of chance. The difficulties of such 
trials are most apparent in the first trial undertaken. When the investigators 
have worked together and solved the initial problems of criteria and judgment 
of effect, subsequent studies proceed much more rapidly. 

It appears that the present study perhaps did not achieve full comparability 
of the groups of patients with Hodgkin’s disease. There was a lack of correspond- 
ence in median duration of disease before therapy and in performance status of 
patients at the start of therapy. These differences indicate that the thio-TEPA- 
treated patients were treated somewhat earlier in the course of their disease 
than the patients given HN2. The reason for the lack of comparability may be 
the small size of the groups—11 and 9 patients, respectively—with the subsequent 
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greater opportunity for an unfortunate chance distribution. The comparative 
effectiveness of HN2 and thio-TEPA in Hodgkin’s disease cannot be fully decided 
on the basis of these data, partly because the thio-TEPA-treated patients had 
somewhat earlier disease than those patients who received HN2 and may have 
offered a greater therapeutic challenge. It should be pointed out, however, that 
studies in which efforts to achieve randomization are made are preferable (even 
if not completely successful in achieving comparability of groups) to studies 
utilizing haphazardly chosen groups or historical controls. 

It is also true that some physicians may find such protocol research too 
rigid and inflexible. Once the investigators have agreed to the conditions of the 
trial, such studies do limit the independence of the investigator to administer 
drugs of uncertain therapeutic value because of the particular suitability of the 
patient. This circumstance is a strong advantage rather than a disadvantage. 
The frequent changes invoked in many clinical investigations, while they may 
be a source of ego satisfaction to the physician, often result in data which do 
not answer the question the investigator has posed. If the physicians apply their 
knowledge of disease in the design of the trial and fully anticipate the possible 
decisions, then the application of the trial can be rigid without interfering with 
the right of the patient to the best medical care. In actual fact, the repeated 
regular examinations and laboratory observations required in such studies en- 
force one of the basic tenets of medical practice—namely, to examine the patient 
thoroughly at frequent intervals and accurately record the observations. 

The data and experiences of this study have posed some questions on several 
important problems facing those who have the responsibility of conducting 
trials of antitumor drugs in patients. These are: (1) Is it necessary to restrict 
such studies to the small minority of patients who have easily measurable dis- 
ease? (2) In trying to decide (within some confidence limits agreed upon) which 
drugs should be accepted as active chemotherapeutic agents and which should 
be rejected because of inactivity, what should be the optimal sample size for 
the numbers of patients studied? (3) Should such trials be conducted only with 
patients who have tumors highly sensitive to drug effect or with those whose 
tumors are relatively insensitive, or both? (4) What is the best end point for 
the judgment that a drug causes regression of human cancer? (5) Should several 
dose levels and dose regimens be explored in a given trial? 

These studies are best carried out with patients with directly measurable 
disease and with those who have not had previous therapy. It would be possible, 
however, to design such trials with patients whose disease was otherwise non- 
measurable by using survival time as the end point. When one uses survival time 
as a measure of the effectiveness of a drug used in patients who may receive sub- 
sequent drugs, numerous assumptions are made. The first major assumption is 
that patients coming off the study drugs (say A and B) will receive essentially the 
same subsequent treatment, no matter what prior drug they received. The second 
important assumption is that neither A nor B leaves any residual effects which 
would cause differential reactions (favorable or unfavorable) with any of the 
subsequent treatments given. A third assumption which might be made is that 
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for late-cancer patients all subsequent treatment is essentially useless anyway 
and, therefore, will make no change in the patients’ survival time. If later treat- 
ment were merely useless, this last assumption would not be dangerous. When 
later treatment may be worse than useless—where it may hasten death—then 
this becomes a dangerous assumption. 


Treatment that is worse than useless may cause differences in survival time 
which are more apparent than real. For example, say drug A is “‘good,”’ drug B 
‘“‘useless,’’ and drug C ‘worse than useless.’’ If a trial is begun with patients on 
A and B, more of the patients who have had B (and thus “‘failed’’) will go on 
to get C and have their deaths hastened. What differences there were between 
A and B will thus be exaggerated. 

From the present studies, survival time seems a much less sensitive measure 
of the effect of drug than does regression in size of tumor, and therefore the use 
of survival time as the end point might result in the rejection of drugs which, 
although they did not influence survival time, at least were sufficiently active 
to cause regression of the tumor mass. It should also be clear that chemotherapy 
trials are nearly always undertaken in patients who have extensive and late 
disease. This circumstance not only complicates judgment on whether new com- 
plications are due to toxicity of the drug or progression of disease, but also leaves 
one with the unhappy, yet real, possibility that late disease is insensitive to drug 
therapy and active compounds may thus be missed. 

The data of this trial give some estimates of the sample size required for 
comparative trials. It can be seen from the data of the Hodgkin’s disease trial 
that if unpaired randomization is used, a sample size of 20 (10 patients for each 
drug) may be too small to ensure adequate comparability. A sample size of 15 
for each drug, as shown in the patients with melanoma and also with cancer of 
the lung previously irradiated, gave some irregularities in comparability, but 
less than in the Hodgkin's disease group. Sample sizes of 25 to 40 for each drug, 
as in cancer of the breast and in nonirradiated cancer of the lung, resulted in 
closely comparable groups for the parameters measured. For sample sizes of 20 
or more patients for each drug, it is suggested that simple randomization will 
achieve excellent comparability. For smaller sample sizes, either the criteria 
for inclusion in the study must be more tightly drawn or paired randomization 
may be needed to ensure equivalent distribution of the patients to the different 
groups. Thus, in Hodgkin's disease, one might pair for such factors as high initial 
leukocyte count and platelet count or for duration of disease longer than 2 
months, so that equal distribution between the two drugs could be achieved for 
these modalities. It must be pointed out, however, that such pairing may be 
difficult and will be of significant value only if the criterion on which pairing 
is accomplished is highly correlated with therapeutic effect. 

The data of this study would strongly suggest that comparative trials be 
conducted with patients with tumors which are partially sensitive to at least 
the ‘‘standard” drugs. Virtually no information other than toxicity is forth- 
coming when a comparative trial of two drugs is conducted against tumors which 
fail to respond or only occasionally respond to either, as in melanoma and cancer 
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of the lung with prior irradiation. In such instances far more information on 
drug effectiveness and toxicity would result if drug was given to one group of 
patients while another group received identical, good medical care plus a placebo. 
Limited to diseases not known to respond to chemotherapeutic agents, this 
latter design would not only be morally justifiable but would better fulfill the 
physician’s obligation to reject toxic or ineffective drugs as soon as possible. 

The size of experimental groups necessary to demonstrate a significant 
difference between two treatments is related to how small a difference the re- 
searchers consider medically important. The larger the difference, the smaller 
the experiment needed to show it. For example, if one were to work at the 0.05 
significance level,* if treatment A produced 5 per cent positive responses and 
one were looking for an improved treatment B which produced 10 per cent posi- 
tive responses, 513 cases would be needed in each treatment to have 90 per cent 
assurance that the given, single trial would uncover a significant difference. 
However, for the same significance level (0.05) and the same assurance (90 per 
cent), if A gave 5 per cent positive and B gave 25 per cent positive, 63 cases 
would be needed in each group. 

These sample sizes are so large partly because only ‘‘yes-no’”’ variables— 
either positive or negative—have been considered. If a measured or graded 
response is used (see Table VIII and discussion of responses in Hodgkin's dis- 
ease), smaller sample sizes are needed. The yes-no (quantal) approach is the 
least powerful one that can be used. This study suggests that the graded response 
in the size of the tumor is the most sensitive index of chemotherapeutic activity. 
Finally, as indicated above, survival time, even when graded in life tables, is 
an even less sensitive index of drug activity than a quantal response on tumor 
regression. 

The problem of studying multiple doses and dosage regimens in studies 
of the type described is an important one which has not been adequately studied. 
A priori, it would seem desirable to adopt such an approach wherever possible 
so as to allow for broader generalizations concerning drug comparisons. 


SUMMARY 


Suggestions are made for the conduct of chemotherapy trials in patients 
with cancer. Application of the principles involved are illustrated in a compara- 
tive study of triethylene thiophosphoramide and nitrogen mustard in cancer of 
the lung and breast, melanoma, and Hodgkin’s disease. Neither drug was ap- 
preciably effective in cancer of the lung which had previously been irradiated 
or in melanoma. In cancer of the lung not previously irradiated and in cancer 
of the breast, 30 to 50 per cent reduction in tumor size occurred in 10 to 26 per 


* Significance level’’ corresponds to what has become fashionable in statistical circles to call Type 
I error—the error of saying that there is a difference when really there is not. Another type of error also 
exists—the Type II error. This is the error made when one says a difference does not exist when it really 
does. Thus, if one asks for 90 per cent assurance that a given experiment will yield a significant difference 
if it really exists (as large or larger than one postulates), then one is willing to take a 10 per cent TypelIl 
risk. 
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cent of the patients. In Hodgkin’s disease certain factors limit the completeness 
of the comparison, but it is possible to draw the tentative conclusion that thio- 
TEPA was less active than HN2 (in the doses used) in inducing remissions. The 
advantages and disadvantages of this type of trial are discussed and several 
suggestions are made for improved experimental design. 
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APPENDIX A 


Protocol 


In brief, the effects of mechlorethamine (HN2) and triethylene thiophosphoramide (thio- 
TEPA) will be compared in patients with easily measurable tumors of four types—malignant mela- 
noma, Hodgkin’s disease, epidermoid carcinoma of the lung, and carcinoma of the breast. It is 
to be emphasized that no patient will enter the study if there is a clear-cut indication for other 
types of therapy and that, also, should the demands of the best medical practice require deviation 
from the protocol, the patient will be considered as a drug failure and be given the indicated opti- 
mum therapy. 

A. Selection of Patients. 
Patients will be included in the study only when all the criteria listed below in 1 and 2 
are present. 
1. General. 
a. Biopsy proof of cancer with reasonable certainty as to site of origin. An effort 
is to be made to secure and save the pertinent biopsy material for later review. 
b. Primary or metastatic disease whose size is easily measurable with calipers, 
either directly or on an x-ray film. 
Extent of disease is such that surgery or irradiation cannot offer patient cure or 
extended palliation. 
No previous irradiation to the tumors to be measured. This would not exclude 
the study of metastases in patients where only the primary had been irradiated, 
nor would this exclude that group of primary bronchogenic carcinomas which 
have had previous irradiation. These will be randomized separately. 
e. No previous alkylating agents. 
Specific. 
a. The following tumors will be studied: 
(1) Breast. 

(a) All premenopausal women with metastatic breast cancer should 
have had previous sterilization by oophorectomy or x-irradiation. 
An arbitrary period of at least 6 weeks of post-therapy observation 
will be allowed in order to appraise the effects of sterilization. 

(b) Sterilized premenopausal women or postmenopausal women with 
or without previous therapy (e.g., androgens, estrogens, cortisone 
or its derivatives) can be included. When the patients have received 
such therapy, the administration of alkylating agents should not 
start until 3 months shall have elapsed since the beginning of hor- 
monal therapy, and until at least 6 weeks shall have elapsed since 
the cessation of hormonal therapy. Patients with previous adrenalec- 
tomy or hypophysectomy are not to be included in the trial. 

Bronchogenic Carcinoma. 

(a) Only epidermoid and undifferentiated tumors will be included. It 
is essential that primary lesions be clearly measurable, when they 
are the only tumors being observed. 

(b) Patients who have previously received no irradiation will constitute 
one subgroup. These will be randomized separately from patients 
in group (c). 

(c) Patients who have previously received irradiation will constitute 
a second group. Before starting these drugs, at least 6 weeks of obser- 
vation should be made to allow recovery from the effects of irradi- 
ation. 

(d) Patients with frank pulmonary infection should be treated first with 
antibiotics; only those whose infections come under control are to be 
included in the study. 

(3) Malignant Melanoma. 
(4) Hodgkin's Disease. 
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B. 


Pretreatment Studies. 

Each patient is to have the following base-line studies performed prior to therapy: Com- 

plete history and physical, hemoglobin, hematocrit, white blood count, differential, 

platelets, urinalysis, and x-ray of _chest_and skeleton. 

Studies During Treatment. 

1. Once weekly: Hematocrit or hemoglobin, white blood count, platelet count and dif- 
ferential white count, urinalysis, and weight. 

2. X-rays: Chest film once each month; otherwise, lung once every 2 weeks and bones 
once each month if lesions are being measured by these techniques. 

Mechanics of Study. 

Randomization among the treatment groups will be done separately for each hospital 

and for each tumor type. Each investigator will be provided with a series of envelopes 

for each of the tumor types. The investigator will previously have made an estimate of 
the number of patients with a given tumor type that his group will treat. If he is to treat 

20 cases of carcinoma of the breast, he will receive 20+ sealed envelopes, numbered 1 to 

20+ on the outside. Inside there will be a slip indicating what therapy the patient is to 

receive. The type of treatment will have been predetermined randomly by the biometri- 
cian. In order to collect data on the kinds of samples selected by each hospital, it is de- 
sirable to obtain as much information as possible on the nature of this sample. 

1. A log book should be kept of all patients who are considered for possible chemo- 

therapy by each group. The name of the patient should be recorded as soon as he 
comes up for consideration. If he is rejected for study, the most important reason 
for the rejection should be noted. 
If the patient is considered suitable, as soon as this determination is made he is to be 
considered formally in the study and assigned a number. If for some reason therapy 
is discontinued before the end of 90 days, he must still be regarded as part of the 
trial, the subsequent events documented, and the patient included in the final tabu- 
lation of results. 

Dosage of Drug. 

Single batches of thio-TEPA and HN2 have been distributed by the Chemotherapy 

Center. These should be stored at approximately 4° C. The HN2 is the commercially 

available material in 10 mg. ampules, to be diluted to 10 c.c. in normal saline and the ap- 

propriate dose to be injected through the tubing of an infusion previously started by 
venipuncture. It is essential that the veniclysis be well established and definitely in the 
vein, since HN2 is an extremely irritating material. Thio-TEPA is furnished in ampules 
containing 15 mg. of the base plus an inert filler to increase the dry volume. This is then 
diluted with 3 c.c. of normal saline, the required dose removed and injected by the direct 
intravenous route. The remaining solution in the ampule is discarded. For safety’s sake 
it is well to recall that the total volume of administered solution here rarely exceeds 3 c.c. 


HN2 is to be given intravenously in the dose of 0.1 mg./Kg. of body weight daily for an 
initial course of 4 days. Thio-TEPA is to be given in a dose of 0.2 mg./Kg. of body weight 
daily also over a 4-day period by the intravenous route initially. After the original course, 
the patient is to be observed for a 2-week period from the time of the last dose. If the 
white blood cell count and the platelet count are satisfactory (see below), once weekly 
intravenous dosages are given—HN2, 0.1 mg./Kg; thio-TEPA, 0.2 mg./Kg. This is shown 
in outline form: 


Thio-TEPA HN2 


Initial course 0.2 mg./Kg. for 4 days 0.1 mg./Kg. for 4 days 


Evaluation at end of 2 
weeks from last dose, 
then continue: 0.2 mg./Kg. once a week 0.1 mg./Kg. once a week 
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No drug is to be given if the WBC count is below 3,000 or the platelet count below 75,000. 
The dose is to be reduced to one-half of the scheduled dose if the WBC count is 5,000 or 
below, or the platelet count below 100,000. If it is necessary to skip a dose by reason of 
a hematologic depression, an interval of 7 days should elapse and the patient should be 
re-evaluated for resumption of drug at that time. The duration of therapy will be for an 
arbitrary period of 90 days. All patients receiving HN2 will receive 50 mg. of chlorpro- 
mazine by mouth a few minutes before injection of HN2. Barbiturate may be given at 
discretion of physician either before or after the dose. Patients on thio-TEPA will not 
be given chlorpromazine premedication. No patient in this study should receive long-term 
or routine chlorpromazine administration. 


The tumor masses which are to be selected for serial measurement of lesion size are only 
those having discrete borders and those which are easily accessible to application of the 
calipers or easily demonstrable on roentgenograms. Not more than five cutaneous and/or 
subcutaneous tumor masses, two pulmonary masses, and two osseous masses are to be 
measured serially. The total number of tumor masses in the three areas—(1) skin and 
subcutaneous tissue, (2) lung, and (3) bone—are to be followed separately. Observations 
on lesion size and number are made for the cutaneous and subcutaneous lesions once 
each week; for pulmonary lesions, on x-ray films taken every 2 weeks; and for osseous 
lesions (lesion size measurements only), on films taken every 4 weeks. The total number 
of osseous lesions is determined on x-ray skeletal surveys taken at the start and end of 
the study. Lesions which have been selected for serial measurement, whether palpable 
masses or those which can be seen only on x-ray, should be measured with calipers in two 
dimensions, one being the largest diameter and the other being the diameter perpendicular 
to the first diameter. Both of these measurements should be recorded as such on the 
measurement sheet. At the time of measurement, only a single measure is taken and no 
effort is to be made to take a mean of several measurements. All observations should be 
done, if possible, by a single individual for any given patient. If the observer must be 
changed during the course of a study, there should be a period of overlap of measurements 
by both old and new observer to preserve continuity, for it has been found that. absolute 
measurements vary depending on the examiner, but that slopes of growth are fairly in- 
dependent of the observer. 


Any base-line measurements of palpable tumors or of pulmonary tumors must be taken 
within 3 days of the start of drug. Base-line measurements of x-ray size of osseous meta- 
stases must be made on x-rays taken within 10 days of starting drug. Techniques of taking 
x-rays should be standardized for the study in each hospital, but these need not be the 
same for each hospital. All groups will use the same calipers* for measuring. These are de- 
scribed in the Fisher catalogue—#1 2-130, caliper, vernier, stainless steel, range 0-12 cm. 


The raw data on measurements should be forwarded to the Chemotherapy Center at the 
conclusion of the study of each patient. Definitions as to effect will come from a consider- 
ation of these data. All possible positive effects from chemotherapy will be reviewed by 
the other senior investigators in the study at suitable intervals. They will be in ignorance 
of which treatment was given. The total effect on patient as to toxicity of drug, improve- 
ment in well-being, pain, weight, anemia, etc., should be recorded. For this, careful con- 
sideration has been given by the group as to what information should routinely be in- 
cluded in progress notes and flow sheet. Also special procedures such as serum uric acid 
and calcium balances should be recorded when available. 


RECORDS TO BE KEPT 


A. Measurements of tumor size and total number (see Appendix D). 
B. Grid map for front and back of figure to indicate position of tumors (see Appendix C). 
C. Log book for all patients considered for the study. . 


*The calipers now in use are the Gehartet original helios. 
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D. Individual summaries of each drug trial (see Appendix E). 
E. Flow sheet of symptoms, signs, and laboratory data to be filled out on each visit in the 
outpatient area, or weekly when the patient is in the hospital, with appropriate instruction 


sheet (see Appendix B). 
Postcards to be checked and mailed to the Chemotherapy Center after each envelope is 


opened. 


APPENDIX B 
Flow Sheet 


PROGRESS REPORT — SUMMARY AND IDENTIFICATION 


1, Day on Drug 
2. Date 


3. Hosp. or O.P.D. 
. Laboratory and 
Physical Measures 

Weight (lbs-Kgms) 
Edema 
Temperature 
Pulse 
Spleen)cm. below 
Liver ) C.M. 


X-ray 

Hgb 
Hematocrit 
WBC (1000) 
Polys 


Platelets (1000) 


5. Patient Reaction 
Performance 
Pain 
Food Intake 


Nausea 

Vomiting 

Skin & Mos. Memb. 
CNS Signs 

G. I. 
Cardio-Vascular 


6. Orders 
Transfusion 
Antibiotics 


Drug Dose 


Initials 

Progress Note 
7. Patient Institution 
Investigator 
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APPENDIX D 


Measurement Sheet 


PROGRESS REPORT - TUMOR MEASURE 


Doy on Drug 
Date 

[Drug Dose 

8. Initials 
Location: 


9. Initials 
Location: 


Case No. Institution 


Potient’s Name 
In Series Investigator 


APPENDIX E 
Summary Sheet 


PROGRESS REPORT - SUMMARY AND IDENTIFICATION 


10. Narrative Summary 


. Complicetions 


. Prior Treatment 


. Surgery 15. Dates 
Autopsy 
Tumor 
Metastoses 


Diagnosed 
Admit to Hosp 
14. Age | Male On Study 
On Drug 
Off Study 
Off Drug 
Discharged 
Death 
Coase No. Institution 


> > PO 


Potient’s name 


16. Drug 
In Series Investigator 
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APPENDIX F 


Instructions for Completion of Data Sheets 


FOR FLOW SHEET 


Day on Drug. 
Put in the total number of days from the time the drug was first given to patient. 


Date. 


Hosp. or O. P. D. 
Indicate by H if patient is hospitalized or by O if patient is being treated as outpatient. 


Laboratory and Physical Measurements. 

Weight—in kilograms or pounds, as is used in your institution; cross out the unit which 
is not used. 

Fdema—0-none, 1-slight, 2-moderate, 3-severe. 

Temperature—in degrees centigrade. 

Pulse—b.p.m. 

Spleen 
Liver 
Hemoglobin 

Hematocrit 

Differential count—in per cent. 
WBC—in thousands. 
Platelets—in thousands. 


centimeters below costal margin. 


Patient reaction. 
Performance—Record in this section the performance that the patient is capable of. For 
example, a patient in the hospital for metabolic studies may be fully capable of normal 
activities, but will remain in bed through his own choice. Such a patient should be coded 
0, “normal.” 
0 Normal activity. 
1 Symptoms, but nearly fully ambulatory. 
Some bed time, but needs to be in bed less than 50 per cent of normal daytime. 
Needs to be in bed greater than 50 per cent of normal daytime. 
Unable to get out of bed. 
Pain 
None 
Mild 
Moderate 
Severe 
Food Intake—Give calories of food intake if available, otherwise list patient’s appetite as: 


3. Poor 

2 Fair 

1 Good 
Nausea 

0 None 

1 Some | 

2 Marked 


Orders. 

Transfusions—Check if given. 

Antibiotics—Check if given; note at beginning of row the specific antibiotic given; use 
next row if necessary. 
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Drug dose—Give in milligrams of specific drug used. Do not name the drug. 
Initials—Initialled by person carrying out examination. 
Progress note—If a progress note was written and included in the record, check here. 


Patient identification. 

Case No.—Give hospital record number. 

Series—Give the serial number of this patient in the specific series at this institution, i.e., 
B-5 means fifth breast patient in this study. 


FOR MEASUREMENT SHEET 


Day on drug. 
See previous instructions. 
Date. 
Drug dose. 
Give in milligrams of specific drug used. Do not name the drug. 
8 & 9. Initials. 
Initials of person making measurements. 
Measurements. 
Report measurements in centimeters, giving major diameter and the largest diameter 
at right angles to the first measurement. If more lesions are measured, extra pages should 
be attached. Identify all lesions on the anatomic figure as ‘‘location.”’ 


FOR SUMMARY SHEETS 


10. Narrative Summary. 
Indicate your opinion as to the effect of the drug for this course of treatment under study 


and other related remarks. 
Complications. 


Prior Treatment. 
Be sure to include use of steroids, hormones, any alkylating agents. 


Surgery, Autopsy. 
Circle Y for yes, N for no. 
Copy attached—Indicate “yes” or “no” if a copy of surgical and/or autopsy protocol is 
included. 
Metastases—Encircle appropriate letter. 
Cutaneous 
Pulmonary 
Osseous 
Lymph involvement 
Visceral (liver, spleen, etc.) 
Other soft tissue 


Patient Identification. 


Circle symbol for male or female. 


Dates. 

Record month (M), day (D), year (Y). 

Check (A) or (D) to show whether patient was alive or dead at the time. 
Symptoms—Date patient reports symptoms were first noticed (this may at times be only 
month and year, or possibly year only). 

Diagnosed—Date a confirmed diagnosis was made. 

On study—Date study drug was first administered. 

Code—Leave blank. 
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APPENDIX G 
Solid Tumor Cooperative Study Group Patient Evaluation Sheet 


2. Hospital 


1. Case 
Reporting———— 


3. Hospital 
Date Presented 


4. Evaluation (check appropriate boxes) 


Other Effects Total Evaluation 


Reduction in Tumor Size 


2. Total Tumor; 3. Major 4. Other . Benefit 
Mass | Untoward | Beneficial | to Patient 


OLe | 


Tt | 


P 
N 


N 


Number of tumors 

a. 
b. End —— 
c. 


Survival (in days) 

a. From symptoms: 
b. From diagnosis: 
c. From therapy: 


tT = transient (less than 90 days); P = prolonged (90 days or more). 
INo. 
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Collagen Diseases 


SYSTEMIC LUPUS ERYTHEMATOSUS 


A Review of Certain Current Pathogenetic Concepts 


Paut Avtroccui, M.D. (Received for publication March 5, 1959) VOL 
BeTHEsDA, Mb. ll 


LTHOUGH the exact etiology and pathogenesis of systemic lupus erythem- 
atosus remain undetermined, considerable information is now available 
pertaining to the nature of the pathologic lesions. A recent surge of interest has 
focused on experiments designed to clarify the status of this disease as a possible 
autoimmune disorder. It is the purpose of this article to review certain common 


histologic features of systemic lupus and to discuss the relation of these findings 
to the development of present concepts of pathogenetic mechanisms. 

Because of the widespread nature of the connective tissue lesions and the 
important role of connective tissue in the pathogenesis of systemic lupus, a 
preliminary knowledge of this tissue forms the basis for an understanding of 


systemic lupus. 


CONNECTIVE TISSUE 


Fibers, cells, and ground substance are the three basic components of con- 
nective tissue. The main fibrillary substance is collagen. Whether the fibers are 
produced by fibroblasts, synthesized in the ground substance, or both, or formed 
by some other mechanism is unknown.'* Electron microscopy, histochemistry, 
and x-ray diffraction techniques have all provided evidence, to be discussed in 
more detail later, that collagen is neither the primary nor the most important 
tissue component involved in systemic lupus.?*-7 

The ground substance of connective tissue is the amorphous portion, outside 
of cells and between fibers,’* which is in constant association with circulating 
fluids and interchanging substances and which consists predominantly of protein- 
carbohydrate colloids, diffusible electrolytes, and water.®:!° The ground substance 
colloids consist mainly of mucopolysaccharides—chiefly hyaluronic acid and 
chondroitin sulfate’ !'’—in loose association with proteins.’ A lack of appro- 
priate histochemical techniques has hindered analysis of the protein components 
of ground substance, and much remains to be answered with regard to the origin 
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of ground substance, its controlling systems, and its relation to the formation 
of fibers.'? Altschuler and Angevine™ were the first to point out, in 1949, that 
ground substance is the constant anatomic site of the fibrinoid material found 
in systemic lupus. 

Cells are the third component of connective tissue, with fibroblasts and fibro- 
cytes predominating. As discussed below, cellular nucleoproteins appear to play 
a prominent role in the pathogenesis of lupus.''!:!*"> These complex polymers form 
a significant proportion of nuclear substance and consist of proteins in combina- 
tion with nucleic acids.'* Whereas the desoxyribonucleic acids (DNA) are 
located exclusively within chromosomes, thus being found only in cell nuclei, the 
ribonucleic acids (RNA) are found in both nucleoplasm and cytoplasm.'7 
The protein portion of these nucleoproteins contains simple histones as well as 
the more complex, more tightly bound tyrosine-tryptophan-containing proteins.'® 


Nitrogenous bases Pentose sugar 
H-C=O 
| 
H-C—OH 
| 
H-C—OH 
H-C— OH 
| 
CH»OH 
Purine Pyrimidine D-ribose Phosphoric acid 
Chemical structure of nucleic acid constituents. Nucleoprotein molecules consist of nucleic 
acids in combination with proteins. The nucleic acids contain purine and pyrimidine plus pentose 
sugars and phosphoric acid. From these ingredients nucleoprotein polymers of high molecular 


weight are built. 


SOME PATHOLOGIC FEATURES OF LUPUS ERYTHEMATOSUS 


Introduction.— Despite the multiplicity of signs, symptoms, and pathologic 
features found in disseminated lupus, there is yet no single finding which is 
completely diagnostic. The hematoxylin body and the L.E. cell rank highest on 
the scale of near-pathognomonic signs'*-*° and, although they have been reported 
separately in other diseases, they have been reported in combination only in 
lupus. Fibrinoid material occurs in several connective tissue disorders and in 
other conditions.‘ Wire-loop lesions, focal glomerular necrosis, and hyaline thrombi 
may be found in kidneys of patients with lupus,'°’ but are only diagnostic when 
they occur together.‘ 

Because research into the nature of systemic lupus erythematosus has con- 
centrated mainly on these, the most consistent pathologic features (Table 1), 
they will now be discussed individually. 


HEMATOXYLIN BODIES 


Deriving their name from the avidity with which they take the purple 
hematoxylin portion of routine hematoxylin-eosin stains, hematoxylin bodies 
have been recognized as a frequent finding in disseminated lupus since 1932, 
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TABLE I. MAjor PATHOLOGIC FEATURES OF SySTEMIC LupUS AND THEIR MAIN SITES 


PATHOLOGIC FEATURE MAIN SITE 


Hematoxylin bodies | Synovial membranes, heart, lymph nodes, skin, kidneys, spleen*! # 
Hyaline thrombi | Kidneys and within blood vessels in other organs )8 


Wire-loop lesions | Kidneys!® 
| Synovial membranes, heart, skin, vessel walls, and elsewhere in con- 
nective tissue ground substance?! 

L.E. cells | In-vitro preparations of peripheral blood and bone marrow*® 


Fibrinoid 


when they were first described by Gross?®’ in the heart valves of patients with 
the Libman-Sacks®’? type of verrucous endocarditis. Since that time they have 
been found in many other locations (Table I).?! 

According to Gueft, hematoxylin bodies are found in over 90 per cent of 
autopsies on patients with clinical systemic lupus.” Although they have been 
reported in a single case of angiitis’® and in one case of scleroderma,*® they are 
considered the most nearly pathognomonic feature of lupus erythematosus. '*#:!°-19:3! 

Appearing extracellularly as smudges and amorphous masses varying from 
less than cell-size to material of considerable microscopic size, these bodies are 
homogeneous and quite distinct from the nuclear remnants of ordinary pyknotic 
and karyolytic processes.'*:!8-?° 

Adjacent to the bodies themselves are found cell nuclei in varying degrees of 
homogenization, showing transitional changes in chromatin structure quite 
similar in many respects to the characteristic changes seen in the development 
of the L.E. cell.’ Thus many writers have agreed with the original postulation 
by Gross that hematoxylin bodies originate from cell nuclei.!!:'4-!.2.2,26.32 During 


TABLE II. Some HisTocHEMICAL CHARACTERISTICS OF HEMATOXYLIN BODIES 


METHOD HISTOCHEMICAL RESULT AND INTERPRETATION 


Ultraviolet spectrophotography | Pyrimidine rings of nucleic acids yield absorption band at 
2,537 A11,14,15 ,16,20,21,22 


Digestion with hot trichloracetic | Ultraviolet absorption band disappears due to destruction of 
acid nucleic acids!!+14,15,22 


Feulgen reaction Stains positively, indicating aldehyde groups of desoxyribose 
sugars of nucleic 


Digestion with ribonuclease | No effect on Feulgen reaction, confirming that the reactive 
sugar groups belong to DNA, not RNA” 


Methyl green stain | Positivity of staining quantitatively indicates available phos- 
phoryl groups of DNA" 20.22 


Millon reaction | Strongly positive result, indicating presence of tyrosine- 
tryptophan-containing protein!®*6 


Digestion with trypsin Markedly reduces intensity of Millon reaction due to digestion 
of protein components 
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the process of these nuclear changes, the nuclear mass or early hematoxylin body 
is extruded from the cell and is found within the ground substance, presumably 
before it coalesces with similar material to form the larger masses.** In adjacent 
areas may be found deposits of fibrinoid material, lymphocytic infiltration, and 
varying degrees of disruption of collagen fibers.4:!°-*4 

In attempts to clarify the nature and origin of hematoxylin bodies, histochem- 
istry has played a leading role. Newer staining methods not only identify the 
the presence of various carbohydrate and protein types, but also help to elucidate 
the nature of the reacting groups (Table II). 

As seen in Table II, hematoxylin bodies are thought to contain both DNA and 
tyrosine-tryptophan-containing protein. Similar staining results occur when 
normal nuclear nucleoprotein is tested.'!:!© As discussed by Gueft and Laufer in 
1954, hematoxylin bodies vary in the intensity with which they accept stains 
for DNA, and photometric studies have confirmed as much as four times less 
concentration of DNA in certain hematoxylin bodies than in others. 

Thus has arisen the interpretation that hematoxylin bodies contain nuclear 
protein! with a diminishing content of DNA.?:%.” 


Hyaline thrombus 
in arteriolar wall 


Fibrinoid 


Intra-arteriolar 
hyaline thrombus 


Intra—capillary 
hyaline thrombus 


Fig. 1.—Schematic representation of hyaline thrombi in their characteristic locations within vessel 
lumens or in vessel walls. 


HYALINE THROMBI 


Occurring in a high percentage of patients with lupus, but by no means 
pathognomic,*? hyaline thrombi appear as a basophilic material either within 
the lumens of capillaries and larger vessels or actually embedded in the vessel 
walls themselves (Fig. 1). ?! In the latter position, they may be found in as- 
sociation with fibrinoid changes and a nonspecific inflammatory response.!>?! 

These characteristic anatomic locations have led to the theory that hyaline 
thrombi represent a substance circulating through the blood stream and passing 
through vessel walls on its way to deposition in the tissues, a theory advocated by 
Klemperer,?:7*3 and later by Gueft and Laufer,!® which has yet to be disproved. 

Hyaline thrombi are most frequently found in kidneys in active or advanced 
stages of lupus nephritis,!* but have also been seen to a lesser extent in the skin, 
pancreas, and other organs.” 

Histochemically, hyaline thrombi are similar in several respects to hema- 
toxylin bodies, both lesions staining positively for DNA and tyrosine-tryptophan- 
containing protein.'? Hyaline thrombi not only differ in their anatomic location, 
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but by quantitative histochemistry have been shown to contain, relatively, 
lesser amounts of DNA than hematoxylin bodies."® Thus Klemperer has postulated 
that hyaline thrombi also trace their origin to nuclear nucleoprotein and re- 
present a later stage of molecular degradation as evidenced by decreasing DNA 

In a comprehensive recent review of lupus nephritis, however, Muehrcke and 
co-workers'!? conclude that hyaline thrombi appear to consist mainly of fibrin 
and platelets, with the basophilic material possibly but not conclusively represent- 
ing material of nuclear origin. They emphasize that the pathogenesis of hyaline 
thrombi is still obscure. 


WIRE-LOOP LESIONS AND LUPUS NEPHRITIS 


Lupus nephritis is the most life-threatening organ involvement in lupus 
erythematosus. According to Muehrcke and his associates,!® the majority of 
patients die of renal failure usually within 4 years after the first evidence of 
kidney involvement. They state that somewhat more than two-thirds of patients 
with systemic lupus manifest lupus nephritis on clinical grounds, with an even 
higher percentage found post mortem. 

Wire-loop lesions themselves are found in 75 per cent of autopsied cases, but 
these lesions may be absent in the early stages of the disease and may disappear 
in the later stages.!> The wire-loop lesion, however, is still one of the most char- 
acteristic of systemic lupus, but is not diagnostic since similar lesions have 
occasionally been described in amyloidosis, toxemia of pregnancy, and renal vein 
thrombosis.'* 

Although there is no single kidney lesion which is pathognomonic, a combina- 
tion of wire-loop lesions with focal glomerular necrosis, hyaline thrombi, or 
fibrinoid change is usually sufficient for a diagnosis of lupus nephritis.!° 

With the ordinary hematoxylin-eosin stain, wire-loops look like bright eosin- 
ophilic thickenings of the basement membranes of glomerular capillary loops.!!:*6 
Phase microscope studies and electron microscopy, however, have shown that 
the material is actually located between the capillary endothelium and the base- 
ment membrane of the glomerular epithelium.**:*6 

Since in the early lesions the basement membranes remain intact, it appears 
likely that the wire-loop material represents the deposition of a foreign substance 
in this area,’ as in amyloidosis, rather than arises from a local swelling or al- 
teration of the basement membranes themselves, as was once postulated.***8 

The nature of wire-loop material has been the object of considerable research, 
with histochemical techniques again making the major contributions. As shown in 
Table III, tyrosine-tryptophan-containing protein is present in considerable 
amounts whereas DNA is found in the same quantity as in hyaline thrombi 
or less, prompting Klemperer to suggest that the wire-loop material also traces 
its origin to nuclear nucleoprotein degradation products, but represents a later 
stage than hyaline thrombi.*!:47 

Thus these histochemical studies have led to the conclusion that the various 
lesions of lupus nephritis may represent glomerular reaction to deposits of circulat- 
ing nucleoprotein breakdown products, as evidenced sequentially by hyaline 
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thrombi, basophilic smudging of blood vessels, nonspecific arteritis, wire-loop 
lesions, and focal glomerular 

The patchy glomerular necrosis, which may be found in the absence of wire- 
loop lesions,'*:*447 is not well understood. Although morphologically it resembles 
the findings in embolic glomerulonephritis, it is more reasonably explained by 
Muehrcke and coauthors!® not on the basis of embolizing solid particles, but as 
a secondary response to glomerular structural changes and ischemia.'® 

In the later stages of lupus nephritis, the basement membranes become 
altered and even destroyed, endothelial cells proliferate, adhesions occur between 
glomerular tufts and Bowman's capsule, crescents form, and clinical nephrosis 
and azotemia may become manifest.!!:!®*47 These processes appear to be slowed 
but not halted by therapy with adrenal steroids.'® 

Fibrinoid material also comprises a portion of the wire-loop lesion.‘ 


TABLE III. HtstocHEMICAL CHARACTERISTICS OF WIRE-Loop LESIONS 


METHOD | HISTOCHEMICAL INTERPRETATION 


Millon reaction, trypsin digestion studies, ab- 
sorption of mercury vapor lamp at 3,650 A 
Ultraviolet spectrophotography, trichloracetic 


Tyrosine-tryptophan-containing protein is pres- 
ent‘? in fairly large amounts 
DNA is present#!7 


acid digestion studies, methyl green stain, 
para-aminosalicylic acid stain 

Quantitative Feulgen reaction DNA occurs in considerably lesser concentra- 
tion than in hematoxylin bodies and in the 
same or lesser concentration than in hyaline 


thrombi®*! 


FIBRINOID 


The term “‘fibrinoid degeneration”’ was first suggested by Neumann‘ in 
1880 to describe certain changes in inflamed connective tissues which stained in a 
manner similar to fibrin when processed with picrocarmine. These changes were 
attributed at that time to an alteration of collagen fibers. This concept has only 
recently been disproved, although as early as 1933 Klinge concluded that fibrinoid 
material did not result from degeneration of collagen fibers but was due to the 
deposition of fibrinlike material in the ground substance.'?** There is still con- 
siderable uncertainty as to the nature and origin of this material.”*° 

Fibrinoid is a homogeneous eosinophilic material'! found in .a widespread 
distribution in systemic lupus,”*** chiefly in the serous membranes, skin, heart, 
kidneys, and walls of small blood vessels—a distribution similar to that of hema- 
toxylin bodies. It is one of the least pathognomonic features of lupus, in that it 
is also seen in blood vessel walls in hypertension, in the base of skin ulcers, and in 
other systemic connective tissue disorders.‘ 

Fibrinoid is often seen in association with Feulgen-positive basophilic 
smudges (hematoxylin bodies); a local inflammatory reaction may also occur and 
often an increased eosinophilia, swelling, and moderate distortion of surrounding 
collagen 


. Chron. Dis. 
ALTROCCHI 


The ground substance, almost invisible and unnoticed with ordinary histo- 
logic stains,‘ assumes more staining prominence in areas of fibrinoid lesions and is 
now regarded as the microanatomic location where fibrinoid changes occur.” 
Thus the synovitis of systemic lupus is characterized by a fibrinoid alteration of 
the interstitial ground substance of the synovial membranes and similarly of 
the ground substance of affected skin. 

The main debate concerning the nature of fibrinoid has centered around 
certain basic questions: (1) What is the relationship between fibrinoid and 
collagen? (2) Is there only one kind of fibrinoid or does its chemical content 
vary in different diseases? (3) Is fibrin a component of fibrinoid? (4) Is fibrinoid 
a material deposited in ground substance or is it a product of reaction in the 
ground substance? 

Since fibrinoid changes frequently occur in areas where collagen is absent, 
they are clearly not dependent upon the local presence of collagenous alteration, 
as pointed out by Klemperer and others.'35.5° Histochemically, fibrinoid shows a 
high content of tyrosine-tryptophan-containing protein and no hydroxyproline; 
collagen, on the other hand, shows a high content of hydroxyproline and only a 
small amount of tyrosine-tryptophan-containing protein.” Collagen and 
fibrinoid are likewise quite different in their electron microscopy characteristics 
and x-ray diffraction patterns.?:*” Thus, there is a considerable body of evidence 
which rules against a primary relationship between collagen and the fibrinoid 
found in systemic lupus.’ 

As Klemperer, Wagner,'®*! and others have emphasized, an apparent 
similarity in staining characteristics does not signify an implicit similarity in 
pathogenesis. Thus the presence of fibrinoid in various connective tissue disorders 
is not considered adequate evidence for a unity of process. *! On the contrary, 
by means of comparative proteolytic enzyme digestion experiments on fibrinoid 
from various collagen diseases and other conditions, Wagner'?*!* has presented 
evidence that a spectrum of fibrinoids exist, each variety having a different 
origin, meaning, and pathogenetic mechanism. Thus, in contrast to lupus fibrin- 
oid, the fibrinoid in rheumatic fever may indeed derive its origin from degenerated 
collagen fibers,!® while the fibrinoid of malignant hypertension may originate in 
smooth muscle necrosis.** 

Histochemically, lupus fibrinoid appears to contain proteins similar in type 
and relative amount to those in hyaline thrombi and wire-loop lesions, leading 
Gueft and Laufer to conclude that lupus fibrinoid includes a protein residue of 
nuclear origin.?* Since little or no DNA is present in fibrinoid, these findings 
fit nicely with Klemperer’s theory of a progressive molecular breakdown of 
nucleoprotein in systemic lupus, as manifested by the steadily decreasing amount 
of stainable DNA found in hematoxylin bodies, hyaline thrombi, wire-loop lesions, 
and 

Although several investigators have failed to find evidence of fibrin in 
fibrinoid lesions,’ recent studies by Gitlin, Craig, and Janeway, using the 
fluorescent antibody technique with antibodies against fibrin and utilizing several 
recognized histochemical stains for fibrin, have demonstrated the presence of 
fibrin in the fibrinoid material of wire-loop lesions, vessel walls, and lupus myo- 
carditis. 
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These authors, and also Movat and More,*® feel that there is a reasonable 
explanation for the presence of fibrin in fibrinoid lesions. Fluorescent antibody 
studies by Gitlin and Janeway” have suggested a dynamic equilibrium between 
intravascular and extravascular proteins. Thus plasma proteins such as fibrinogen 
are normally present in the interstitial areas of connective tissue.”7°* Thrombo- 
plastic substances which are released from damaged or necrosing tissue are 
capable of converting fibrinogen to fibrin.* Since the fibrinoid material in systemic 
lupus is associated with surrounding areas of tissue damage and inflammation, 
it is therefore understandable why positive stains for fibrin are found in these 
localities.*.°* This interesting explanation awaits confirmation. 


THE L.E. CELL PHENOMENON 


The L.E. cell phenomenon has attracted widespread interest since its original 
description by Hargraves and coauthors™ in 1948. Although reported in cases 
of polyarteritis nodosa, rheumatoid arthritis, dermatomyositis, leukemia, perni- 
cious anemia, Hodgkin’s disease, miliary tuberculosis, dermatitis herpetiformis, 


Poly Nuclear Chemotactic Rosette L.E. Cell 
Homogenization  L.E. Body 


Fig. 2.—Stages in the formation of the L.E. cell. 


pemphigus, hepatitis, liver cirrhosis, hemolytic anemia, peripheral vascular 
disease, cardiac failure, and following the ingestion of various drugs (e.g., peni- 
cillin, hydralazine, phenylbutazone, hydantoin),*°°** Ross and Wells!’ in 1953, 
Wilkinson and Sacker®? in 1957, and Louis and Limarzi!®! in 1958 state that 
false positives are quite rare.” 

The highest percentage of positive tests in patients without lupus has been 
reported in rheumatoid arthritis,®! but Kurnick®® has suggested that some of 
these patients may represent unrecognized cases of systemic lupus with prominent 
joint findings. 

It is still uncertain whether these ‘‘false positives’ represent the entirely 
different process of routine nuclear phagocytosis,®° or indicate some other phe- 
nomenon, or indeed signify ‘“‘true’’ L.E. cells.*° 

The developmental stages of L.E. cell formation have been repeatedly 
demonstrated (Fig. 2).!!:25-4%-64,65,57,93,103 [| FE. cells most commonly originate from 
polymorphonuclear leukocytes, although eosinophils, lymphocytes, basophils, 
myelocytes, and monocytes are sometimes involved in the process, usually in a 
phagocytic 
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The microscopic process starts with swelling of the nuclear lobes of an adult 
polymorphonuclear leukocyte; the lobes then lose their distinct chromatin 
structure and become more homogeneous, assuming a more rounded contour. 
The interlobar filaments then disappear, and one to five deeply staining round 
bodies are left within a normal-appearing leukocyte cytoplasm. These early 
L.E. bodies may or may not coalesce, then are extruded from the cell as free 
homogeneous masses which appear to exert a chemotactic attraction on unaffected 
polymorphonuclear leukocytes. The masses are soon surrounded by cells, which 
form the characteristic rosettes, each cell apparently competing for the nuclear 
morsel. When one polymorphonuclear leukocyte succeeds in ingesting the mass, 
the chemotactic attraction is lost and the unsuccessful cells move away. The mass, 
by virtue of its size, pushes the adult and intact leukocyte nucleus to the pe- 
riphery; thus the classic L.E. cell is formed. The homogeneous foreign mass, which 
stains purple with Wright’s stain, is now in the cytoplasmic center and the 
displaced and flattened nucleus is near the margin of the cytoplasmic mem- 
brane.!!.40 

By virtue of this homogeneity and lack of nuclear detail in the ingested L.E. 
body, the L.E. cell is readily distinguished from a histiocyte in the process of 
ordinary nucleophagocytosis, in that the ingested mass in the latter instance still 
retains its nuclear pattern.” 

Thus a positive L.E. preparation, as Conley® has pointed out in a concise 
review of the L.E. cell test, may demonstrate three related findings—free, un- 
ingested L.E. bodies, rosettes, and typical L.E. cells—each representing a stage 
in the developmental process. 

For the demonstration of L.E. cells, as reported by a number of investigators, 
nuclear material and phagocytic polymorphonuclear leukocytes may be supplied 
from the blood or bone marrow of a normal person or animal; only the serum 
from a lupus patient is necessary to induce the phenomenon."':*-7° Thus there 
is evidence that a factor present in the serum of patients with systemic lupus 
plays a key role in initiating the L.E. cell reaction. 

Electrophoretically, the L.E. factor is found with the gamma-globulin 
fraction of serum proteins”! and may cross into the fetal circulation causing 
transient L.E. cell positivity in the newborn.” The factor has also been found in 
spinal fluid, urine, and various transudates of lupus patients®’ and is thought to 
account for the L.E. cells occasionally found in such fluids.!!:18°9 

According to Conley,” there is convincing evidence that the plasma L.E. 
factor is distinct from the proteins which give rise to the various serologic dis- 
turbances not infrequently found in systemic lupus, such as positive Coombs’ tests 
and cephalin-cholesterol flocculation tests, positive serologic tests for syphilis, 
cold agglutination reactions, circulating anticoagulants, hemolytic anemia, and 
thrombocytopenic 

Studies with fluorescent antibodies specific for lupus gamma-globulin by 
Mellors, Ortega, and Holman* and by Vazquez and Dixon’® have shown strongly 
positive fluorescence in leukocyte nuclei undergoing the characteristic L.E. 
alterations and in both free and ingested L.E. bodies. No such fluorescence is 
shown, however, by the nucleus of the phagocytosing cell or by cells exposed to 
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normal gamma-globulin. Fluorescence has also been shown in wire-loop lesions 
and hyaline thrombi of patients with lupus* and in cell nuclei of skin, heart 
muscle, kidneys, and spleen from normal persons exposed to L.E. serum and then 
exposed to fluorescent antibodies against gamma-globulin.’” Similar findings have 
been reported in mouse tissue sections exposed to lupus serum.7° 

These observations suggest an affinity of some substance in lupus gamma- 
globulin for tissue cell nuclei as well as for leukocyte nuclei. That this substance is 
identical with the L.E. factor has not yet been conclusively proved. Holman and 
Kunkel,’ however, by a series of experiments using lupus serum, isolated nucleo- 
protein, and phagocytic leukocytes, have shown that the L.E. factor appears to 
have a definite specificity for nucleoprotein. 

Many methods may be used for the demonstration of L.E. cells, most of which 
include an in-vitro incubation period and/or a means of inflicting damage upon 
the white blood cell population (by glass beads, for example).”°:7°'5°-*! Heparin and 
other anticoagulants are frequently used, but they are not essential®:*:%? and 
may even interfere with the L.E. phenomenon.**:*! There is considerable evidence, 
however, that dead or damaged leukocyte preparations yield a higher percentage 
of L.E. cells when exposed to lupus serum than do normal leukocyte prepara- 
tions.7°.* 

An adequate explanation for these findings has not yet been provided, but 
several reports have suggested that normal nontraumatized leukocytes are not as 
susceptible, if at all, to the action of the L.E. factor.**:7°5!}%!% This theory 
would not only help explain the rarity of L.E. cells in direct smears of peripheral 
blood,!!:®.7°.55 but would also account for their occasional presence in other body 
fluids to which leukocytes have migrated and died, thus becoming subject to the 
specific chemical influences which characterize the L.E. phenomenon.**:* 

With reference to negative L.E. cell tests, as Harvey and his colleagues" have 
pointed out in their comprehensive review of systemic lupus erythematosus, 
there is no definite correlation between L.E. cell positivity and clinical activity 
of the disease. Thus, although certain patients may show more L.E. cells during 
an exacerbation and fewer or none during a remission, this relationship varies 
considerably and cannot be relied upon. The reasons for this variability are not 


well understood. 


DISCUSSION 


Theories concerning the pathogenesis of systemic lupus have relied heavily 
upon histochemical staining characteristics and their interpretation. An early 
theory of Klemperer and associates was based upon spectrophotometric measure- 
ment of the relative intensity of Feulgen and methyl green staining of hema- 
toxylin bodies.'!:°?°.57 The lesser intensity of methyl green staining of certain 
hematoxylin bodies was thought to indicate a lesser degree of polymerization of 
the DNA portion of nucleoprotein.':*:*s-°° Thus arose the theory that depoly- 
merization of the DNA moiety of nuclear chromatin represented the primary 
pathogenetic change in systemic lupus,’ a change presumably initiated in some 
manner by the L.E. factor.7°:*? 
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Following the demonstration of a DNA depolymerase enzyme system in 
yeast by Zamenhof and Chargaff*! in 1949, Kurnick and co-workers” postulated 
that in lupus patients the L.E. factor played a role in releasing an intracellular 
DNA depolymerase of connective tissue nuclei and leukocyte nuclei from its 
intracellular inhibitor, thus initiating the series of changes leading to hematoxylin 
bodies and L.E. bodies. 

In a later modification of this theory, Kurnick!” suggested that trauma to 
cells in the presence of the L.E. factor may permit entry into the cell of a normal 
serum anti-inhibitor which destroys the intracellular inhibitor of DNA depoly- 
merase, and therefore allows depolymerization of DNA to occur. Based on this 
theory, he reported that specific treatment with leukocyte homogenates containing 
DNA depolymerase inhibitor had been helpful in some cases of systemic lupus. 

Recent studies by Godman, Deitch, and Klemperer have shown that methyl] 
green staining is more complex than originally postulated, and factors such 
as the presence of protein masking groups must be considered before conclusions 
are drawn regarding the state of DNA depolymerization.?°:**® Using more 
refined techniques of histochemical analysis which have recently become avail- 
able, these investigators conclude that an influx of extrinsic noncytoplasmic 
protein® plays a basic role in the initial changes of cell nuclei into L.E. bodies. 
A more than twofold-increased amount of intranuclear protein® appears to 
displace histone from its combination with DNA and then itself associate with 
DNA, masking approximately one-half of the available phosphoryl groups of DNA 
and thus accounting for the lessened intensity of methyl green staining. 

These authors thus state that there is neither a cytochemically apparent 
change in the degree of DNA depolymerization in the L.E. body, nor any loss 
in the actual amount of DNA present at this stage. They therefore doubt that 
the primary nucleoprotein alteration in systemic lupus is concentrated on the 
DNA portion of the molecule and doubt that liberation of an intracellular 
desoxyribonuclease is the fundamental early mechanism. Rather, they feel that 
the principal early pathogenetic changes leading to formation of the L.E. body 
involve an addition to damaged cell nuclei of a protein material whose source 
has not vet been definitely determined,**** but whose identity to the L.E. plasma 
factor has been suggested by the above-mentioned fluorescent antibody stud- 
ies.“*-78 It must be pointed out, however, that the exact role of the L.E. factor is 
still uncertain and there is no definite evidence that it plays a causative role in the 
lesions of systemic lupus. It should also be remembered that evidence is available 
to suggest that antibodies do not penetrate into normal cells.'°° 

Histochemically, the L.E. cell inclusion material stains in like manner to the 
hematoxylin body (see Table II).!'*’ The fundamental similarity of these two 
characteristic lesions has been suggested by a number of investigators, and each 
lesion is thought to result from the same influences and to undergo similar chemical 
transformations.!!:1*19,79.40.65.87 Thus hematoxylin bodies are considered to be 
the tissue counterparts to L.E. cells formed in vitro, while the early nuclear 
alterations of connective tissue cells are thought to represent a similar stage to 


L.E. bodies.*° 
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Hematoxylin bodies in tissue ground substance and ingested L.E. bodies 
within phagocytic polymorphonuclear leukocytes both undergo further cyto- 
chemical changes characterized predominantly by a gradual loss of stainable 
DNA.°*°:® It is possible that these later changes result from routine enzymatic 
digestive processes and do not depend upon the continued action of the initial 
chemical influences.?°:"4 

As mentioned previously, Klemperer,”* and later Gueft and Laufer," have 
suggested a unifying explanation for the major pathologic lesions of systemic 
lupus. Thus hyaline thrombi are thought to represent a circulating later stage of 
hematoxylin bodies and L.E. cells. After passing through vessel walls, where a 
nonspecific arteritis may be evoked, this material of nucleoprotein origin con- 
tinues its degradation and may be deposited as wire-loop lesions in kidneys and, 
after most or all of the DNA has disappeared, as fibrinoid material in the ground 
substance of widespread tissues.!° Local distortion and disruption of collagen fibers 
may then occur,* and fibrin may be deposited as a local reaction to tissue damage 
and inflammation.*!* 

Systemic lupus erythematosus has received other emphases, however, and 
Dameshek® in a recent paper prefers to regard this disease as a complex auto- 
immune disorder with autoantibodies directed primarily against small blood ves- 
sels and against various blood constituents. The widespread vasculitis would 
thus account for the tissue lesions, while several antibodies, of which the L.E. 
factor is only one, are postulated to explain the diverse hematologic abnormalities. 
The concept of systemic lupus as a possible hypersensitivity disease has been 
suggested by a number of authors,*®:79:°95:!°6 but other authors have cautioned 
against a premature allergic interpretation.!:? 45.47 The beneficial effects of steroids 
in certain cases of systemic lupus!’’ have been widely observed, but cannot be 
used as definite evidence in favor of hypersensitivity. 

Bardawil, Toy, and Galins*? have recently reported finding an abnormal 
gamma-globulin in the sera of patients with certain forms of rheumatoid arthritis 
in which L.E. cells are demonstrable, and in scleroderma and dermatomyositis, 
as well as in systemic lupus. This gamma-globulin possesses an apparently 
specific reactive affinity for intranuclear desoxyribonucleoproteins, not only in 
autologous tissues but also in homologous and heterologous tissues.*’:!°* These 
investigators renew the question of the possible role of allergy in the development 
not only of systemic lupus but also of these other diseases. They comment that, 
although the proof is at present lacking, there is now some experimental evidence 
which suggests that the initial sensitization, whether immunologic or not, may 
begin as a response against heterologous proteins and may manifest itself there- 
after as an autoimmunity response of the host against its own intranuclear con- 
stituents. The recent pathogenetic theories discussed above seem not incompatible 
with such a hypothesis. 


SUMMARY 


Systemic lupus erythematosus is generally viewed as a diffuse disease 
manifested by a fundamental alteration in the nucleoprotein of connective tissue 
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nuclei and white blood cells, with secondary damage to ground substance and 
subsequent distortion of the structure and function of many organ systems. 


Although the primary destructive process was formerly thought to affect the 
desoxyribonucleic acid portion of involved nuclei, recent histochemical evidence 
suggests that the protein moiety of nucleoproteins is the more probable site of the 
initial pathologic changes. The chain of events which sets this process in motion 
remains unknown. 

As an essential background for a discussion of the development of current 
pathogenetic concepts, the basic chemical morphology of connective tissue nuclei, 
collagen, and ground substance is briefly reviewed, and the histochemistry and 
microanatomy of hematoxylin bodies, hyaline thrombi, wire-loop lesions, fibrinoid 
material, and L.E. cells are presented. 

Experimental data pertaining to the gamma-globulin factor found in the sera 
of patients with systemic lupus are reviewed and correlated with theories favoring 
the operation of hypersensitivity mechanisms. Although the evidence is still 
relatively meager and although existing theories are frequently being modified, 
the possibility that systemic lupus erythematosus may be a type of autoimmunity 
disease is receiving renewed emphasis. 


Dr. M. M. Wintrobe, Dr. H. William Harris, and Dr. John Ward of the College of Medicine 
of the University of Utah gave helpful advice during the preparation of this paper. 
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MARITAL STATUS AND MAJOR CAUSES OF DEATH IN WOMEN 


Juuia B. ZALOKAR* From the Department of Public Health, Yale University 
New Haven, Conn. (Received for publication June 30, 1959) 


TUDIES of differential mortality by marital status have shown, generally 

speaking, that single women have unfavorable rates compared to those of 
the married.!? The causative factors commonly cited to account for this dif- 
ference are medical selection by marriage and the supposedly more favorable 
environment of married women. The present investigation is intended to raise 
the question of whether single women do in fact have a less favorable environ- 
ment than other women, and to consider the impact of some major diseases on 
the total death rates for the single and the ever-married. 

In studies on the relationship between marital status and death rates, it is 
customary to divide all women into the four classes: single, married, widowed, 
and divorced. This classification is followed, for example, by the National Office 
of Vital Statistics and also by Logan‘ in his work on cancer of the uterus and 
cancer of the breast. In the present analysis a simpler classification has been 
used. Women are divided into two categories: single and ever-married. The 
advantages of using this simple dichotomy will be commented on in the discus- 


sion. 


SOURCE OF DATA 

Two main sources of data were used. The death rates by marital status for 
white women of the United States for the years 1949 to 1951 were computed 
from the National Office of Vital Statistics Special Report on Mortality by Marital 
Status.° Death rates by marital status for Connecticut, a state in which the per- 
centage of women remaining single is relatively high, were computed from the 
State Registration Reports.® All rates were computed using the 1950 Census 20 
per cent sample by marital status for population bases. 

For the United States rates, white women only were included in this analysis, 
partly because their age and marital status are reported with greater reliability 
than is the case with nonwhites and partly because the relative proportions of 
whites and nonwhites in the single and ever-married groups differ enough to 
complicate the interpretation of death rates from certain causes. 


*Research Assistant, Department of Public Health, Yale University. 
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RESULTS 


Shown separately for the United States and for Connecticut in Table I are 
the average annual death rates for all causes classified by age and marital status 
for 1949 to 1951. The rates for the single as percentages of the rates for the ever- 
married are also given to provide an age-by-age comparison of the two groups. 


TABLE I. DEATHS FroM ALL CausEs, BY AGE AND MARITAL STATUS; WHITE FEMALES, UNITED STATES, AND ALL 
FEMALES, CONNECTICUT; 1949 TO 1951 


WHITE FEMALES, UNITED STATES ALL FEMALES, CONNECTICUT 


AVERAGE ANNUAL DEATH | RATIO OF AVERAGE ANNUAL DEATH | RATIO OF 
RATES PER 100,000* | SINGLE DEATH RATES PER 100,000* | SINGLE DEATH 

|__ MARRIED | | | MARRIED 
EVER- DEATH RATE AS | EVER- DEATH RATE AS 
SINGLE | MARRIED | PERCENTAGE TOTALt | SINGLE | MARRIED | PERCENTAGE 


| 
| 
| 


| 
| 
| 


| 

20-24 | 124.0 
25-34 4] 1663 
35-44 371 320. 1/1403 
55-59 | 1,027.4 | 106.8 
60-64 98.5 
65-69 "434. "505. 73 
70-74 | 6 3) 4/206. 99.6 
75-79 | "198. 921.2) 103.0 
80-84 9. 106.6 9 | 
854+ | 2 19/8189 19,5527 101.4 «18,330.38 18,949.8 


20-74t| 670.1 | 715.2 661.8| 1081 | 630.4 | 


20+t | 1,085.4 | 1,141.4 | 1,074.1 | 106.3 1,120.3 | 1,059.5 


*Population base for all rates: 1950 census 20 per cent sample. 

t+Total includes deaths with marital status unspecified. 

tAge-adjusted rates with total white female population, United States, and total female population, 
Connecticut, respectively, as bases. 


Among single white women in the United States death rates are considerably 
higher than among the ever-married until the 55 to 59 age group is reached. 
From then on the difference between the two groups is less than 7 per cent. 
The age-adjusted death rate for single women is 6.3 per cent higher than that 
for ever-married women if the comparison is based on women aged 20 and over, 
and 8.1 per cent higher if based on women aged 20 to 74. 

In Connecticut, on the other hand, the death rate for all single women 
compares favorably with that for the ever-married group at ages 45 to 79, though 
the rate for single women is somewhat higher at the oldest ages and 32 per cent 
higher at ages 25 to 34. In fact, the age-adjusted death rate for single women 
over age 20 is only 94.3 per cent of that for the ever-married, and for single 
women aged 20 to 74 it is only 89.4 per cent of that for the ever-married. Con- 
necticut, therefore, stands as an apparent exception to the commonly stated 
observation that the single have a higher mortality rate. 
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tao | 81.0 
93.7 | 131.8 
7.5) 101.0 
| 88.7 
| 85.0 
| 80.5 
5.8 | 95.7 
7.6 | 84.3 
| 93.6 
5.5 | 108.6 
2.9 104.6 
704.9 | 89.4 
1,123.0 | 94.3 
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TABLE II. DEATH RaTEs PER 100,000 FoR Mayor Causes OF DEATH, BY MARITAL STATUS 
AND AGE; WHITE WoMEN, UNITED StaTEs, 1949 To 1951 


INFLUENZA,| TUBER- 
CANCER ACCIDENTS | DIABETES |PNEUMONIA| CULOSIS | CIRRHOSIS 


Single 
Ever-married 


25-34 
Single 
Ever-married 


35-44 
Single 
Ever-married 


45-54 
Single 
Ever-married 


55-59 
Single 
Ever-married 


60-64 
Single 
Ever-married 


65-69 
Single 
Ever-married 


70-74 
Single 
Ever-married 


75-79 
Single 
Ever-married 


80-84 

Single 
Ever-married 
65+ 

Single 
Ever-married 


20-744 
Single 
Ever-married 335. | 23: 


20. 


Single 
Ever-married $5: ; 32.6 


26.9 
26. 13.8 


*Vascular lesions of central nervous system (330-334), diseases of the heart (410-443), hypertension 
(444-447), general arteriosclerosis (450), and chronic nephritis (592-594). 
tAge-adjusted rates with total white female population as base, 


| 
AGE | CVRD* 
20-24 
Po 12.9 91 17.4 1.6 4.2 13.1 0.7 
0.0 8.0 15.5 11 1.5 7.4 0.3 
P| 31.1 22.0 16.4 3.9 8.8 29.5 2.2 
17.9 20.6 13.3 1.6 1.8 10.7 1.9 
86.1 16.1 4.7 13.0 28.1 5.6 
59.1 73.0 15.4 2.6 4.0 12.3 7.1 
VOL 
aa 218.2 222.3 20.4 9.4 18.2 22.1 9.3 11 
212.5 | 184.4 20.5 12.0 7.5 11.4 13.0 196 
29.0 20.9 25.8 21:2 10.8 
. 478.0 310.9 27.5 39.1 14.0 13.2 16.2 
P| 810.4 462.0 43.0 22.2 35.0 27.2 11.9 
861.8 412.2 39.1 76.5 25.1 16.8 18.9 
po 1,385.9} 575.2 73.7 47.3 64.8 32.9 13.8 
1,498.2 | 524.2 57.2 115.2 45.0 21.9 20.0 
| 
aa 2,695.0 | 769.9 143.7 71.9 114.1 40.3 16.2 
2,734.5 | 719.6 108.6 | 162.8 91.8 30.4 23.7 
| | | 
4,908.4} 989.3) 309.0] 111.9 220.4 51.9 24.8 
| 4,785.7] 943.4] 231.9] 193.0 186.1 38.5 26.9 
| | 
| 8,570.5 | 1,191.6 | 616.9 129.3 397.4 57.9 25.8 
| 7,987.1 | 1,144.81] 365.4 38.7 32.5 
| | 
14: 772-9 1.35024 | 1,246.5 96.0 858.3 44.7 34.9 
| 1,351.1 | 1,138.0 | 168.0 886.0 29.8 37.2 
7 8.9 
| | 
| 9.8 
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When major causes of death for single white women in the United States 
are considered by age, it can be seen from Tables II and III that, except for 
malignant neoplasms and accidents, the 25 to 34 age group has the most un- 
favorable mortality rate in comparison to the ever-married. Single women in 
the 55 to 59 age group have the highest relative rate of death due to cancer, 
partly because of the preponderance of breast cancer in that age group (Table 
IV). However, no major site of malignant neoplasms shows a significant peak 
relative mortality for the single in the 25 to 34 age group (Tables IV and V). 
Accidents exhibit comparatively high death rates for the single at two age periods: 
ages 25 to 34, when motor-vehicle accidents predominate, and at ages 75 to 84. 

The causes of death for which the rates for single women are lower for a 
substantial age span are diabetes, cirrhosis of the liver, and the cardiovascular- 
renal diseases. These account for over 60 per cent of deaths at ages 20 and over, 
and are sufficient to lower the mortality rates of the single below those of the 
ever-married from ages 60 to 74. 


TABLE IIT. Ratios of Mayor CAusE DEATH RATES OF SINGLE TO THOSE OF EVER-MARRIED, 
AS PERCENTAGES, BY AGE; WHITE WoMEN, UNITED StaTEs, 1949 To 1951 


INFLUENZA, | TUBERCU- 
ACCIDENTS | DIABETES | PNEUMONIA LOSIS CIRRHOSIS 


~ 
~ 
wn 


276. 
476. 
328 
243. 
183. 
139. 
144. 
124.; 
118. 
108. 

96. 


20-24 
25-34 
35-44 
45-54 
55-59 
60-64 
65-69 
70-74 
75-79 
80-84 
85+ | 


| 
20-74 | | 


_ 
Soon 
Do bo 
Donwn 
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VAS Pw 
_ 
Ge Go ¢ 
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109. 150. 


DANS 00 


202.1 
195.0 


WO] 
UW 
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PSS: 
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*Based on fewer than 20 deaths in numerator and/or on fewer than 100 deaths in denominator. 


Diabetes is outstanding as a cause of death among the ever-married, the 
age-adjusted death rate for age 20 and over being 80 per cent higher than that 
for the single (Table II). When the major cardiovascular-renal diseases are 
broken down (Tables VI and VII), it can be seen that although there is an asso- 
ciation between diabetes and all of these diseases (with the exception of chronic 
rheumatic heart disease) they do not consistently show a similar age pattern. 
Deaths from general arteriosclerosis (450)* and from nonrheumatic endocarditis 


*Numbers in parentheses throughout this article refer to the International List of Diseases and 
Causes of Death code numbers. 
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TABLE IV. DEATH RATES PER 100,000 FoR CANCER, BY SITE AND BY MARITAL STATUS AND AGE; 
WHITE WoMEN, UNITED States, 1949 To 1951 


REPRO- RESPIRA- LYMPHO- 
DIGESTIVE oF. DUCTIVE TORY URINARY | SARCOMA 


Single 
Ever-married 


25-34 
Single 
Ever-married 


35-44 
Single 
Ever-married 


45-54 | VOL. 
Single | 32. | : 

55-59 

Single 
Ever-married 


60-64 
Single 
Ever-married 


65-69 
Single 
Ever-married 


70-74 
Single 
Ever-married 


75-79 
Single 
Ever-married 


80-84 
Single 
Ever-married 


85+ 
Single 
Ever-married 


20-74* 
Single 
Ever-married 


20+-* 
Single 
Ever-married 


*Age-adjusted death rates. 


20-24 | 
8 | 0.2 1.6 0.2 0.1 1.2 3.9 
| | 
4.4 0.8 0.3 2.8 6.8 
5.5 0.5 0.2 2.0 5.6 
| 
19.7 2.4 0.8 3.7 14.2 
23.2 22 1.0 2.8 11.5 
| | | 
153.5 | 118.0 | 91.7 16.7 12.4 14.5 55.1 
| | | 87.4 17.8 13.1 13.3 55.0 
| 219.2 130.2 | 97.6 21.7 21.6 18.7 66.0 
| 216.1 | 81.6 | 99.8 22 6 19.6 16.0 68.5 
| | | 
30.2 33.8 19.0 O11 
| $96.3 | a4 | 116.4 30.9 31.6 18.0 93.2 
po | 448.6 197.4 | 120.1 39.6 52.2 18.5 112.9 
| 460.7 128.6 130.9 39.1 42.5 17.6 123.9 
| 
501.7 | 150.7 | 141.0 40.8 53.0 16.3 148 3 
| 
P| 604.2 | 270.5 | 139.6 48.0 75.2 9.8 202.8 
| 680.8 193.9 | 135.4 | 43.2 50.7 14.5 223.6 
P| 57.2 48.6 | 37.0 | 6.6 4.7 6.4 24.6 
| | 6.3 4.8 5.5 22.9 
| | | 8.1 6.8 29.7 
74.3 |) 67 | 6.0 28.3 
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and other myocardial degeneration (421, 422) are relatively much higher among 
the single; but the difference between rates for the two marital-status groups 
declines at the oldest ages, whereas the diabetes death rates for the single as per- 
centages of those for the ever-married rise at these ages. 

On the other hand, the relative mortality among the single from hyper- 
tension (440-447), with and without mention of heart disease, is substantially 
lower in the 35 to 44 age group than is that from diabetes. Arteriosclerotic heart 
disease (420), vascular lesions affecting the central nervous system (330-334), 
and chronic and unspecified nephritis (592-594) all show a similar pattern: 
high mortality for the single at ages 25 to 34 and as low or lower mortality than 
among the ever-married from ages 45 to 75. 


TABLE V. Ratios or CANCER DEATH RATES OF SINGLE TO THOSE OF EVER-MARRIED, AS 
PERCENTAGES, BY SITE AND AGE; WHITE WoMEN, UNITED SraTEs, 1949 To 1951 
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124. 
103. 

93. 
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101 
102 
111 


25-34 
35-44 
45-54 
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20-24 124. | i 160. 
| 
| 
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20-74 104. 
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*Based on a numerator of less than 20 deaths and/or on a denominator of less than 100 deaths. 


DISCUSSION 


The complications of the customary division of the ever-married into 
married, widowed, and divorced tend to obscure some relationships to disease 
that show up when women are divided into the two groups used in this paper. 
The general habit of using the married as a standard against which to compare 
the single, widowed, and divorced can be questioned on the grounds that it 
implies that marriage is the cause of the low risk of death whereas, in fact, it 
may be in good part the result. There is continuous selection in favor of the 
married, due to higher rates of dissolution of marriages among the lower income 
groups and to highly selective conditions for remarriage. When only the single 
and ever-married are considered, the factor of medical selection is minimized 
since the first marriage rate after age 25 is about one-half the remarriage rate 
and falls off rapidly to a point where after age 45 less than 10 per cent of single 
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TABLE VI. DrAtTH RATES PER 100,000 FoR SELECTED CARDIOVASCULAR-RENAL DISEASES, 
BY MARITAL STATUS AND AGE; WHITE WoMEN, UNITED StaTEs, 1949 To 1951 


VASCULAR ENDOCAR- 
| ARTERIO- LESIONS DITIS AND CHRONIC 
| SCLEROTIC OF HYPER- MYOCAR- GENERAL RHEU- CHRONIC 
HEART CENTRAL TENSION DIAL ARTERIO- MATIC |NEPHRITIS 
DISEASE NERVOUS DEGENER- | SCLEROSIS HEART 
SYSTEM ATION DISEASE 


20-24 
Single 
Ever-married 


25-34 

Single 

Ever-married : 

35-44 | VOL. 


Ever-married 


45-54 
Single 
Ever-married 


55-59 
Single 
Ever-married 


60-64 
Single 
Ever-married 


65-69 
Single 
Ever-married 


70-74 

Single 
Ever-married 
75-79 

Single 
Ever-married 
80-84 

Single 
Ever-married 


854+ 
Single 
Ever-married 


20-74* 

Single 
Ever-married 
20+* 


Single 228.3 
Ever-married 227 6 


*Age-adjusted death rates. 


AGE 
| 0.9 14 0.5 0.5 0.0 2.9 21 
| 12.6 | 13.4 8.7 0. 7 196C 
| 683 52:8 28.0 21.6 30.1 10.6 
| 66.2} 55.8] 36.9 12.8 1.0 22.8 10.5 
162.5 | 107.9] 62.4 49.5 16.4 
186.2 32.8 3.8 | 97.4 18.8 
| | 
| | 82.3 14.8 38.0 25.8 
| 364.0 | 203.4 | 136.2 66.1 111 31:2 26.7 
| | 
| | | 
363.9 320.0 178.6 166.4 41.0 | 44.8 38.1 
635.7 | 360.7 | 129.5 29.1 34.0 42.2 
| | | 
| 1,066.5 | 661.4 338.0 | 340.9 109.5 45.4 68.6 
| 1,093.9 | 678.7 412.2 291.5 89.1 40.5 68.3 
| | 
| 
| 1,809.8 | 1,156.2 635.0 723.7 294.2 68.8 | 122.9 
| 1,743.3 | 1,198.8 712.8 618.1 231.3 56.7 | 117.8 
| | 
| 2,914.0 | 1,979.3. 1,030.6 | 1,489.5 700.6 90.7 186.7 
2620.5 | 1939.6 | 1,111.8 | 1,273.7 583.9 84.2 | 192.6 
| 
| P| | 4,626.2 | 2,959.8 | 1,616.2 | 3,023.1 | 1,836.5 | 121.1 | 290.1 
4,149.9 | 3,037.7 | 1,703.1 | 2,858.8 | 1,697.7 | 126.6 | 359.6 . 
| 424.2 42:3 38.4 8.2 | 21.6 12.4 
| 429.5 81.6 | 52.1 28.4 6.2 16.2 12.0 
| | | 
447.0 | 79.9] 93.9 36.5 24.2 19.2 
| 182.4 | 92.8 | 78.0 30.6 18.8 19.3 
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women eventually marry.’ The influence of medical selection, then, can be ex- 
pected to decline to a relatively small proportion of all factors in the death rates 
by marital status of women over age 50. 

For the United States, for all causes considered here except cancer and 
accidents, the factor of medical selection is most prominent in the 25 to 34 age 
group, where the single have the highest death rates in comparison to the ever- 
married. The proportion of single by age is given in Table VIII, which illustrates 
that rapid selection proceeds until age 35 and that marriage reduces the ranks 
of the single very little thereafter. ; 

Table VIII also suggests a reason for the difference between the rates for 
the United States and Connecticut; the proportion single in this state is about 
50 per cent higher than in the United States as a whole. If one considers the single 
who are going through and just past the prime marriageable ages, one can think 
of them as divided into two groups: a relatively small group, frail or seriously i!l, 


TABLE VII. Ratios oF SELECTED CARDIOVASCULAR-RENAL DISEASE DEATH RATES OF SINGLE 
TO THOSE OF EVER-MARRIED, AS PERCENTAGES, BY AGE; WHITE WoMEN, UNITED STATES, 
1949 to 1951 


| | 

VASCULAR | ENDOCAR- | 

ARTERIO- LESIONS OF DITIS AND GENERAL | CHRONIC | 

SCLEROTIC CENTRAL HYPER- MYOCARDIAL!) ARTERIO- RHEUMATIC | CHRONIC 
HEART NERVOUS TENSION DEGENERA- | SCLEROSIS HEART | NEPHRITIS 


DISEASE SYSTEM TION DISEASE | 
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246 .0* 142. 
361. | 402: 
146. 
168. £25: 
150 162. B22. 
124. 133. 
128. 141 131 
122 111 
| PEL: 121 

116. 120 107 
108. 95. 


133. 
129. 
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20-24 101.9" 126.6 
25-34 168.2 126.3 
35-44 126.4 119.5 
45-54 97.2 92.9 
55-59 87.3 92.0 
60-64 90.0 91.8 
65-69 88.7 88.7 
70-74 97.5 97.5 
75-79 103.8 96.4 
80-84 111.2 102.1 
85+ 111.5 | 97.4 
20-74 94.4 


20+ | 100.3 06.5 | 
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| 135.0 | 131. 
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*Based on a numerator of less than 20 deaths and/or a denominator of less than 100 deaths. 


which produces most of the deaths at this time and a medically more or less 
average group. When the latter group is swelled by fewer marriages, as is the 
case in Connecticut, a smaller relative difference in the 25 to 34 age group death 
rates is found between the single and the ever-married. This hypothesis will be 
further tested in a future study by a comparison of major causes of death by 
marital status in Connecticut with rates of other states selected to show both 
high and low marriage rates. 

There are, of course, other factors, either the cause or the result of marital 
selection, which are maintained over a lifetime. The median years of school 
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completed for all white women aged 45 to 54 in 1950 was 9.0, whereas for single 
white women the median was 12.1.5 The 1950 census shows that the proportion 
of single women who are urban dwellers is between 10 per cent and 20 per cent 
higher than the proportion of the ever-married. A major medical difference 
between these two groups is the negligible number of children ever born to middle- 
aged or elderly white women who report themselves as single. 


TABLE VIII. MaritaL-STATUS PROPORTIONS, BY AGE; WHITE FEMALES, UNITED STATES, 
AND ALL FEMALES, CONNECTICUT; 1950 


WHITE FEMALES, UNITED STATES ALL FEMALES, CONNECTICUT 


WIDOWED WIDOWED 
| EVER- | MARRIED AND EVER- | MARRIED AND 

AGE | SINGLE | MARRIED | AS PER DIVORCED SINGLE MARRIED AS PER DIVORCED 
AS PER | AS PER | CENTOF | AS PER | AS PER | AS PER | CENTOF | AS PER 

CENT OF | CENT OF | EVER- | CENT OF | CENT OF | CENT OF | EVER- | CENT OF 
TOTAL | TOTAL | MARRIED) EVER- TOTAL | TOTAL | MARRIED|  EVER- 

| | MARRIED MARRIED 
20-24 32.4 67.6 46.4 33.6 98.4 1.6 
25-34 11.3 4.1 16.4 83.6 96.9 
35-44 8.5 91.5 | 92.8 | ee: 13.8 86.2 93.7 6.3 
45-54 14.6 1330 87.0 86.4 13.6 
60-64 S42 | 36 | 238 33.6 11.8 88.2 67.6 32.4 


ENVIRONMENT 


In order to approach the question of the importance of environment, the 
assumption can be made that the environment of single women and the environ- 
ment of widowed and divorced women are similar to each other and inferior to 
that of married women. Since the proportion of widowed and divorced to the total 
ever-married increases markedly with age (Table VIII), who would expect that, 
if present environment were the important factor, the death rates for the single 
would decline in proportion to those for the ever-married, approaching 100 at 
the oldest ages where less than 8 per cent of the ever-married population is still 
married. For all causes of death this pattern is not followed, since single women 
have the most favorable rate at the 65 to 69 age group, with a slight rise there- 
after. 

For the malignant neoplasms the decline with age in the death rate of single 
women as compared to the ever-married would seem to fit the hypothesis; but 
since it is hardly reasonable that present rather than /ong-term environment is a 
causative factor, the shift from cancers to which single women are more sus- 
ceptible toward cancers to which the ever-married are more prone provides a 
more satisfactory explanation. 
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Accidents certainly should be a function of present environment, yet the 
single continue to have substantially higher rates than the ever-married at the 
older ages. 

Influenza-pneumonia seems to fulfill the conditions as a cause of death 
that at the oldest ages has nearly identical death rates in each of the two marital 
groups. Tuberculosis does not, however, perhaps because the residual effects of 
disease contracted usually before age 30 are an important factor. 

Among the cardiovascular-renal diseases, nonrheumatic endocarditis and 
other myocardial degeneration (421, 422), general arteriosclerosis (450), and 
chronic rheumatic heart disease (410-416) seem to show that environmental 
differences between the married and the other three marital-status groups play 
a part. But several important diseases, arteriosclerotic heart disease (420), 
vascular lesions of the central nervous system (330-334), and hypertension (440- 
447), show a decreased risk for single women from ages 45 to 75, and chronic 
nephritis (592-594) shows a roughly similar pattern. It is clear that, for these 
diseases, environment is not intrinsically unfavorable to the single. 

For two other diseases, diabetes and cirrhosis of the liver, single women are 
evidently not as subject to risk as the ever-married, except at the younger ages 
where selection is an important factor. 

Why single women should be so relatively prone to nonrheumatic endo- 
carditis and other myocardial degeneration and not to arteriosclerotic heart 
disease is not clear. Lilienfeld’ has found in Baltimore, and Logan! in England 
and Wales, that myocardial degeneration (422) is positively associated with 
low socioeconomic status. Lilienfeld considers the possibility that this disease 
category includes many cases of misdiagnosed arteriosclerotic heart disease. 
Although single women are, on the average, better educated and more likely to 
be urban dwellers and to have superior medical care available, perhaps the habit 
of consulting physicians is more ingrained among the ever-married because of 
childbearing. 

Furthermore, Connecticut, which has been shown to have a differential 
mortality rate favorable to the single, had an age-adjusted death rate for females 
30 per cent higher for arteriosclerotic heart disease than the corresponding United 
States rate, and a death rate for myocardial degeneration 30 per cent lower. 
It can also be seen from Table I that from ages 45 to 79, Connecticut ever-married 
women have higher death rates than the United States ever-married, and that 
for all ages but 65 to 69 Connecticut single women have a lower rate than the 
single in the United States as a whole. It might be concluded, therefore, that 
the cause of the more favorable rate of the single in Connecticut is the high 
rate among the ever-married of coronary artery disease (420), to which the latter 
seem more suceptible until the oldest ages, and the comparatively low rate 
of myocardial degeneration (422), to which the single are more prone. 

It is evident, then, that for a number of important diseases (arteriosclerotic 
heart disease, vascular lesions of the central nervous system, hypertension, 
diabetes, cirrhosis of the liver, and, in part, chronic nephritis) single women in the 
age span 45 to 74 have a favorable mortality rate compared to the ever-married. 
The hypothesis can be advanced that, despite the advantages of ever-married 
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women in selection and environment, the factor which seems to produce a more 
severe strain on their circulatory systems is either childbearing, or, as Joslin" 
suggests for diabetes, a greater tendency to obesity, though the effects do not 
culminate in increased mortality until the end of the childbearing period. 


SUMMARY AND CONCLUSIONS 


Selection as a factor in the increased mortality of single women has been 
evaluated in several ways: (1) by division of women into only two marital- 
status groups to limit the factor of medical selection to a relatively brief time 
period; (2) by consideration of deaths by age rather than by total age-adjusted 
rates; (3) by analysis of deaths by cause to show that some diseases are much 
more highly selected out by marriage than others (for influenza and pneumonia, 
tuberculosis, and diabetes, single women have at age 30 more than twice the rate 
of the ever-married, but accidents and cancer show relatively little difference 
at this age); and (4) by comparison of total death rates for the United States 
with those for Connecticut, where the percentage single is about 50 per cent higher 
than for the country as a whole. 

From ages 20 to 45, there can be no question that ever-married women, 
under the age-specific marriage rates prevailing in 1950 and prior years in the 
United States, have lower death rates from most causes than single women. On 
the other hand, in Connecticut only the 25 to 34 age group shows a markedly 
unfavorable death rate for the single. It would seem, then, that medical selection 
is an important factor at the younger ages. After age 45, while many causes of 
death produce rates persistently higher among the single, there is a substantial 
group of circulatory system diseases to which, along with diabetes and cirrhosis 
of the liver, ever-married women seem more susceptible. It can be concluded, 
then, that the environment of single women is not necessarily unfavorable in 
comparison to that of ever-married women. In view of the increasing importance 
of some of the circulatory diseases which strike the ever-married in greater 
proportions, attention should be given to possible environmental factors ad- 


versely affecting this group. 
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“ON THE METHODOLOGY OF INVESTIGATIONS OF ETIOLOGIC 
FACTORS IN CHRONIC DISEASES’”—FURTHER COMMENTS 


From the Department of Epidemiology, Johns Hopkins 
Puitie E. Sartwett, M.D. School of Hygiene and Public Health 


Battimore, Mp. (Received for publication Aug. 18, 1959) 


ERUSHALMY and Palmer! have invited general discussion of their thought- 

ful article, “On the Methodology of Investigations of Etiologic Factors in 
Chronic Diseases.’’ I shall not attempt anything as ambitious as a modification 
of their suggested postulates, although I do not agree with the third statement 
in their formulation. It may be helpful, however, to enumerate some points 
which should affect the weight given to epidemiologic evidence for the hypothesis 
that some environmental factor (/) is an etiologic agent (or vector for the etio- 
logic agent) of a chronic disease. 

1. The Strength of the Association.—This quality, mentioned by Lilienfeld’ 
in his comments on the article, has two aspects: 

a. How frequently is FE found in cases of the disease? Existence of many 
cases of the disease without FE does not invalidate the hypothesis (since the 
disease may have multiple causes), but it weakens it. 

b. How often does F occur in the absence of the disease? A considerable 
frequency of F in the general population does not necessarily weaken the hypo- 
thesis, because in all diseases of known causation there are accessory factors 
affecting susceptibility. Our knowledge concerning most of these factors is very 
meager. To use an analogy from infectious diseases, there are many healthy 
persons who harbor the meningococcus or poliovirus for every clinical case of 
meningococcic meningitis or paralytic poliomyelitis. 

2. Confirmation of the Association by Replication.—(Studies by different 
investigators, in different populations. ) 

3. The Quantitative Relationship Between the Amount of E and Frequency of 
Disease.—Amount of E may be measured in duration of exposure, in average 
intensity of exposure, or perhaps best in some integration of these two factors 
which will give a measure of the total lifetime exposure (for example, the total 
roentgens of ionizing radiation). Needless to say, since age is a determinant of 
practically all diseases, adjustment for age effects must be made or spurious con- 
clusions may be drawn. 
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4. Chronologic Relationships.—(Implied in Yerushalmy Palmer’s 
generalized statement of Koch’s postulates and related to the preceding point.) 
FE must precede the disease. But more than this, we may occasionally hope to 
demonstrate a curve of latent periods, as has been possible in a few instances 
where a single brief exposure to FE is responsible for a disease (as in the occur- 
rence of leukemia in Hiroshima and Nagasaki after the atomic bombings). 

Another aspect of this point is the presence of parallelism between the time 
trends of E and incidence of the disease in the population. This so frequently 
results from indirect and meaningless association that, if present, it cannot be 
considered to be materially strengthening the hypothesis; its absence, however, 
seriously weakens the hypothesis. 

It may be charged that points 1 through 4 provide no answer to the logical 
argument that E may not be the etiologic agent or its vector, but merely a factor 
indirectly associated with the real, unidentified etiologic agent. But it appears 
quite logical that the more completely points 1 to 4 are satisfied, the greater 
the likelihood that we are indeed dealing with agent or vector, because otherwise 
we should have to postulate an association between EF and the true unidentified 
agent or vector which approaches nearer and nearer to perfect correspondence, 
in different times, at different places, and in different population groups. This 
would seem to become more improbable as the association between FE and the 


disease becomes closer. 
5. The Biologic Reasonableness of the Association.—This point cannot and 


should not be left out of consideration, but we must be wary of it, for judgments 
made on this basis are hemmed in by the imperfect knowledge existing at any 
time. In 1861 Cheever,’ warning against attaching any significance to ‘nonsense 
correlations,’ wrote, ‘‘It could be no more ridiculous for the stranger who passed 
the night in the steerage of an emigrant ship to ascribe the typhus, which he 
there contracted, to the vermin with which bodies of the sick might be infested. 
An adequate cause, one reasonable in itself, must correct the coincidences of 
simple experience.’’* 

I cannot accept Yerushalmy and Palmer’s proposed postulate (No. 3) with 
respect to specificity of effect. They say, ‘. . .The suspected characteristic can 
be said to be specifically related to the disease in question when. . . similar rela- 
tionships do not exist with a variety of characteristics and with many disease 
entities when such relationships are not predictable on physiologic, pathologic, 
experimental, or epidemiologic grounds. In general, the lower the frequency of 
these other associations, . . . the higher the validity of the causal inference.”’ 
This statement seems to rest on the assumption that a particular characteristic 
can induce only a single disease. 

Acute gastritis, cirrhosis of the liver, and a form of psychosis are all consid- 
ered to result directly or indirectly from the ingestion of alcohol in excessive 
amounts, although it is possible that alcohol acts as a vector, in the broad sense 


*Dr. Clifford A. Bachrach brought this forceful illustration to the attention of the author. 
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used by Yerushalmy and Palmer, in one or more of these conditions. The evidence 
for alcohol as an etiologic agent in cirrhosis (which is mostly clinical rather than 
epidemiologic) is not weakened by the fact that alcohol is associated with other 
diseases as well. Application of the specificity concept would also seem to shed 
doubt on the pathogenicity of atmospheric pollution, which has been linked 
with several diseases although the evidence to date is limited. 

Additional illustrations of what seems to me the fallacy of rejecting the etio- 
logic role of an agent because it is associated with several diseases can readily 
be thought of in the infectious disease field. For example, streptococci are asso- 
ciated with sore throats, scarlet fever, otitis media, erysipelas, puerperal sepsis, 
osteomyelitis, and numerous other less common conditions. Use of the specificity 
concept would lead to rejection of streptococcal causation of each of these con- 
ditions, and in fact probably did hinder the acceptance of this organism as the 
cause of scarlet fever because the relationship was not predictable at the time 
on the basis of existing biologic grounds. 

Perhaps we may be overcautious in rejecting epidemiologic evidence. Snow’s* 
demonstration in 1854, referred to repeatedly in discussions of this subject, that 
cholera was related to the ingestion of polluted water was based on epidemiologic 
observation rather than experiment. His exposed populations in the Broad Street 
epidemic and in the South London experience were not selected by random 
methods. After the publication of his studies, it became accepted that cholera 
was somehow related to impure water, as some had thought even earlier. His 
belief that contaminated water contained the specific agent of the disease was, 
however, not accepted until many years later. Rather, the water was considered 
as a kind of ‘“‘predisposing cause’ of cholera, among other such predisposing 
causes. Not until the Hamburg epidemic of 1892, 38 years later, when the cholera 
vibrio was isolated from the Elbe River, was there conclusive laboratory evidence 
for Snow’s hypothesis. Meanwhile much had been done in England on the basis 
of Snow’s work to improve water supplies. Ought public health authorities in 
1854, when the germ theory of disease was in its infancy, to have said, ‘‘ This is 
epidemiologic evidence; it is not supported by valid laboratory evidence, and the 
particular hypothesis that water contains the specific cholera poison is biologically 
implausible; therefore, we should not act on it’’? 
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CLINICAL EXPERIENCE WITH ZOXAZOLAMINE AS A URICOSURIC 
AGENT IN GOUT 


A. Lewis Kotopny, M.D. 
(Received for publication Sept. 10, 1959) 


BALTIMORE, Mb. 


OXAZOLAMINE* has been widely effective in relief of skeletal muscle 
spasm. During studies of its metabolic disposition, a marked uricosuric 
action was observed.! The effect of zoxazolamine in the short-term treatment 
of acute gout was reported by Reed, Feichtmeir, and Willett? and by Burns and 


co-workers.* 

It is the purpose of this article to present observations on the use of zoxazo- 
lamine as a uricosuric agent in treating gout in chronic, intercritical, and acute 
stages over a period of 27 weeks. In addition, the concomitant use of other urico- 
suric agents and therapeutic drugs in treating gout was studied. 


METHOD 


Subjects.—The effect of zoxazolamine was studied in 11 ambulatory patients 
with gout in the intercritical, acute, and tophaceous stages. Nine men, ranging 
in age from 34 to 70 years, were observed throughout varying periods of the study; 
2 women, aged 48 and 55 years, were observed for 6 and 22 weeks, respectively. 
Three patients had significant renal impairment, one of whom manifested marked 
azotemia and subsequently died of the effects of her renal disease. The remaining 
2 patients with renal damage had a previous history of renal or ureteral calculi. 

Diet.—There was no restriction of purine foods or alcohol in the patients’ 
daily intake. Fluids were considered adequate if the subject had a daily amount 
ranging between 2 and 3 liters. Alkalization of urine was attempted at first with 
a mixture of citrates, but the effort was abandoned after a few weeks because of 


lack of patient cooperation. 

Dosage.—Zoxazolamine was administered for periods of 3 to 16 weeks in 
dosages that varied from 250 mg. once a day to 250 mg. four times a day. In 
one case, 500 mg. was used four times a day. The medication was always given 


This work was aided by a grant from McNeil Laboratories. 
*Zoxazolamine (2-amino-5-chlorobenzoxazole) is available as Flexin from McNeil Laboratories. 
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after meals and at bedtime. In addition, in order to assess the effects of other 
agents having uricosuric properties, probenecid, salicylates, and phenylbutazone 
were given intermittently to determine any interference with or enhancement 
of the activity of zoxazolamine. 

Laboratory determinations..-Serum uric acid and urine uric acid determi- 
nations were made according to the method of Brown.‘ This method, as used 
in the laboratory performing our work, was accurate within the limits of = 0.3 
mg. as shown by multiple testing of specimens. Blood for analysis was obtained 
in the morning, as the patient fasted. Urine was collected for a total of 24 hours 
(from 8 A.M. to 8 A.M.). 

Renal function in each patient was measured employing standard tests 
of concentrating ability (Fishberg), phenolsulfonphthalein excretion, and blood 
urea nitrogen. Hematologic studies were performed routinely on all patients 
at biweekly to monthly intervals while they were being treated with zoxazolamine. 


RESULTS 


Fig. 1 summarizes each patient’s treatment regimen and the effect of treat- 
ment on the serum and urine uric acid levels. The following results were observed: 

1. Zoxazolamine produced marked uricosuric effects in a dosage of 250 mg. 
two to four times a day. 

2. Clinically, 10 of the 11 patients studied were controlled or improved on 
the above dosages of zoxazolamine. The other patient, a 55-year-old female 
with advanced azotemia (see patient 11 in Fig. 1), responded to the adminis- 
tration of zoxazolamine with a fall in serum uric acid, striking resolution of 
tophaceous deposits, and significant, though temporary, decrease in blood urea 
nitrogen. Subsequently, during the sixteenth week of her treatment, this patient 
developed a urinary infection with further diminution in renal function, and 
zoxazolamine no longer maintained its previous uricosuric effect. Zoxazolamine 
was discontinued, and shortly thereafter she died of uremia. 

3. Salicylates, given concomitantly, interfered somewhat with the uricosuric 
action of zoxazolamine. Further studies seem indicated on this particular phase. 

4. Phenylbutazone and/or probenecid accentuated the uricosuric action of 
zoxazolamine, but the additive effect of phenylbutazone was much greater than 
that of probenecid. No side effects were noted when either combination was 
employed. 

5. Acute attacks of gout were far less frequent with maintenance dosages 
of 250 mg. of zoxazolamine twice a day than with prior therapy the patients had 
received. 

6. Tophi definitely decreased on the maintenance dosage of 250 mg. of 
zoxazolamine twice a day. 

7. Side effects were minimal; occasional dizziness and nausea were the only 
complaints reported and were usually mild and of little significance. Nausea 
was eliminated by giving the medication during a meal. 

8. In each of the 3 patients with renal damage, the initiation of zoxazolamine 
precipitated acute attacks of gout. This phase will be discussed further. 
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DISCUSSION 

Gout, which is a metabolic disease, should be treated in the same way di- 
abetes mellitus is handled—on a constant basis. Zoxazolamine, a uricosuric 
agent which acts by inhibiting tubular reabsorption of urate,’ has great potential 
in such treatment of gout for these reasons: 

1. It produces an unusually effective elimination of uric acid from the body. 

2. It exhibits a low degree of toxicity. 

3. It is rapidly absorbed and disappears from the body in approximately 
6 hours.’ 

4. It is definitely effective in reducing tophi, as shown by the decrease in 
size of external tophi. 

5. When necessary, the uricosuric action of zoxazolamine can be enhanced 
by the concomitant use of other uricosuric drugs. 

This clinical experience would indicate that urinary alkalization is not neces- 
sary, provided adequate fluids are taken daily. In the 11 cases treated in this 


series, no uric acid stones occurred despite the large outpouring of uric acid in 
the urine, even in the patients with previous histories of ureteral calculi. 


As previously mentioned, an acute flare-up of gout may occur at the begin- 
ning of zoxazolamine therapy, as happened in the 3 patients with renal damage 
in this series. These exacerbations subsided rapidly in response to colchicine. 
It would certainly be advisable to use colchicine routinely during the acute 


phases of gout. 

The precipitation of an acute attack of gout in each of the 3 patients with 
previous renal damage further emphasizes the paradoxical relation existing 
between serum urate levels and acute gouty arthritis. Zoxazolamine maintained 
its uricosuric properties in these cases, despite the presence of impaired renal 
function. The results in the case of the 55-year-old female who ultimately died 
of uremia, though inconclusive, may be compared with the previously suggested 
ability of probenecid to improve renal function while reducing serum urate 
levels. In this particular case, prior to development of further renal damage 
secondary to urinary infection, blood urea nitrogen levels dropped significantly 
while the patient was being treated with zoxazolamine. Smyth and coauthors,® 
in a recent discussion, point out that most investigators find the more severely 
renal function is impaired, the less success will be achieved in improving renal 
function or in reducing serum urate levels. 


SUMMARY AND CONCLUSIONS 


The uricosuric activity of zoxazolamine was observed in 11 ambulatory 
patients with gout in the acute, intercritical, and tophaceous stages during a 
period of 27 weeks. The influence of simultaneous administration of salicylates, 
probenecid, and phenylbutazone was also studied. 

Zoxazolamine was found to be an effective, potent, nontoxic uricosuric 
agent for the treatment of gout in the intercritical and chronic stages. 
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GEORGE F. CrikELAIR, M.D., AND ment of Surgery, Presbyterian Hospital, and 
FRANCESCO MINERVINI, M.D. the College of Physicians and Surgeons, 

NEw York, N. Y. 


(Received for publication Oct. 12, 1959) 


HE intractable and seemingly severe pain which afflicts some patients in the 
older age group after an acute episode of herpes zoster has stimulated a 
number of investigations tending to explain it in the wider picture of the natural 
history of herpes. This neuralgia following herpes zoster has been defined as 
“.. . any subjective, painful sensation that persisted after the acute phase of 


the infection.””! 

The interest of plastic surgeons in this disease has been stimulated by oc- 
casional requests to excise the involved painful skin segments. This has led to a 
review of 44 patients hospitalized with suspected postherpetic pain at the Colum- 
bia-Presbyterian Medical Center from 1932 to 1956, excluding patients with facial 
involvement. 

The natural history of herpes zoster has been presented by Burgoon, Burgoon, 
and Baldridge? in an analysis of 206 unselected cases. They report untoward 
reactions associated with herpes zoster occurring in 16.9 per cent of their patients. 
Postherpetic neuralgia was the most common of the complications, occurring in 
9.7 per cent of the total. 

In June 1956, Van Blaricom and Horrax! reported on 35 patients treated 
at the Lahey Clinic during the previous 20 years for postherpetic pain. ‘Of all 
the pain syndromes encountered in medical practice, postherpetic neuralgia is 
one of the most difficult to treat. Its occurrence is confined to patients past 
middle age. It is seldom helped by any medicine, and it seldom improves as 
times goes on. Often it has been present for several years when first encountered 
by the neurosurgeon. The pathophysiology is not proved, but it is known that 
the viral infection causes extensive and persistent inflammatory changes along 
the pathways from the spinal cord to the terminal ramifications in the skin, 
We believe that these changes are the probable source of the pain impulses and 
that, when the central nervous system is bombarded by too many pain stimuli 
for too long a time, a central pain mechanism is established with self-perpetuating 
circuits and aggravated by many and various stimuli.’’ They advised medical 
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attention to the acute process and the use of simpler procedures in the chronic 
cases. In their opinion, the earlier treatment is instituted the greater is the chance 
of obtaining relief. 

Herpes zoster has been described as acute posterior poliomyelitis due to the 
virus of chickenpox.’ It has been represented asa relatively ‘immune ’’or ‘‘allergic’’ 
form of chickenpox which occurs in those who have had previous infection with 
the virus in the form of clinical or subclinical chickenpox.‘ This theory explains 
why herpes zoster is rare in children and why chickenpox is rare in adults. 
Moreover, inoculation of the virus from a case of chickenpox produces chickenpox 
in children and herpes zoster in adults, and the inoculation of the fluid contained 
in the herpes zoster vesicles will also produce chickenpox in children and herpes 
zoster in adults. 

The cause of the eruption has been attributed to the passage of causative 
organisms along the sensory nerves to the skin. The virus is present in the vesicles. 
The mechanism of pain has been associated with vascular changes in the skin.° 

The primary lesion is represented by an acute round-cell infiltration, with areas 
of hemorrhage in the affected posterior root ganglions. The changes found in the 
posterior nerve roots and in the spinal cord, described by Faure-Beaulieu and 
Lhermitte,® are secondary degenerative processes. These conclusions were based 
on 21 postmortem findings and were reported by Head and Campbell.’ 

Wright*® has shown that stimulation of the peripheral end of a cut posterior 

nerve root produces vasodilatation of the corresponding segments of skin and 
muscle. Lewis and Marvin® have concluded that changes in the ganglion cells 
will produce stimuli which will travel along the sensory fibers; the fibers in the 
sensory nerves act by liberating a substance (H-substance) resembling histamine 
in its properties; this substance dilates capillaries by direct action on their walls; 
arteriolar dilatation is due to axon reflex. They further postulate that the H- 
substance stimulates the sensory nerves in the skin and the impulses travel 
back along afferent nerve fibers; having reached the nerve fiber junctions, they 
turn peripherally again along branches that reach and dilate neighboring blood 
vessels. The H-substance increases the permeability of capillaries and in this 
manner provokes the formation of vesicles. 

Findlay and Patzer,'® observing the results obtained after procaine block 
of the corresponding sympathetic ganglions, suggest that ‘‘ vasospasm must be an 
important factor.’ The cells in the corresponding intermediolateral column 
would receive an excessive number of normally directed stimuli from the irritated 
ganglion. This would result in increased sympathetic vasoconstrictor tone and 
segmental! arteriolar spasm. In effect, Ranson and Von Hess'! have shown that 
while a weak stimulus to the proximal end of a cut sensory nerve causes vasodilata- 
tion, a medium or strong stimulus produces vasoconstriction. 

Although uncommon, patients with postherpetic pain are more than likely 
to produce a lasting impression on their physician. Despite many theories pro- 
posed, there is an incomplete understanding of the cause of the persistent pain. 
There is a poor response to treatment, whether it be surgical or nonsurgical or 
whether it be directed to the site of the symptoms or to the nervous pathways. 
X-ray therapy to the skin has, generally, failed to produce any lasting remis- 
sions. 
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In 1893, Gowers" reported that Sir William Jenner, in his lectures to students, 
spoke of a patient with postherpetic neuralgia who had had extensive surgical 
undermining of the involved area because of pain. Obtaining no relief from this 
operation, the patient eventually committed suicide. 

Browder and De Veer" reported pain relief in 3 of 4 cases treated by surgical 
undermining, and Abbott and Martin'® reported 3 cases, with good results in 2. 

In 1946, Cramer’ noted that posterior rhizotomy and sympathectomy 
were not effective in treatment and that spinothalamic tractotomy may not 
eliminate the pain. Although he had no personal experience with the technique, he 
suggested local blocking with novocain. If the pain disappeared, an excision of 
skin might prove effectual. All points of afferent stimuli would be eradicated. 

Injection of procaine and other anesthetics intradermally, preferably in the 
‘trigger’? spots, was performed by Secunda, Wolf, and Price,'* by Reichert,'® 
and by Hollander.*° Intercostal and paravertebral blocks were reported by Street,”! 
Southworth and Hingson,” Rosenak,” and Findlay and Patzer.*! Posterior rhizo- 
tomy and chordotomy have usually proved unsuccessful. Even lobotomy has 
been tried, with dubious relief of pain, although the concomitant anxiety ap- 
peared to be lessened. ! 

Of the 44 patients reviewed for this report, 16 could not be classified as 
having true postherpetic pain. These 16 patients all had a history of acute herpes 
zoster, but the cause of the persisting pain could not be attributed clearly and 
solely to the herpes. One patient, for example, had pain indistinguishable from 
postherpetic pain following an injury some time after the acute disease had sub- 
sided without sequelae. Some had diabetes with suspected diabetic neuritis 
rather than postherpetic neuralgia. Some had severe arthritis with a similar and 
equally severe involvement in areas other than the site of the acute herpetic 
disease. One patient had such a severe neuropsychiatric problem that true evalua- 
tion of her physical complaints was impossible. Several had symptoms which 
were thought to be due either to degenerative lesions of the spine or compression 
fractures of the vertebral bodies, rather than to herpes. 

This group of 16 patients demonstrates the difficulty which may be en- 
countered in establishing a diagnosis of true postherpetic pain. All of these 
patients are in the older age group and may have several associated diseases or 
problems. The diagnosis is not always clear-cut, and there may be considerable 
difficulty in arriving at a correct diagnosis. 

The remaining 28 patients are summarized in Table I. 

The age of the patients varied from 51 to 84 years, with a mean of 68.9 years. 
There was a 3 to 1 predominance of females. It is to be noted that there is only 
one Negro patient. Since most patients with acute herpes zoster are not admitted 
to the hospital, there are no available figures to determine the ratio of Negro to 
white patients with acute herpes seen in the outpatient department. The race 
distribution as noted by Burgoon, Burgoon, and Baldridge, however, is in keeping 
with the normal social distribution. The one Negro female in this group had 
severe vitiligo, which gradually increased over a period of 30 years. On her 
admission to the hospital in 1955, there were only small isolated patches of darkly 


72 CRIKELAIR AND MINERVINI 


pigmented skin (Fig. 1). What role pigment may play in protection against 
postherpetic pain is unknown; that it is even significant is uncertain. 


The time interval between the acute herpetic attack and the admission to the 
hospital varied from 9 weeks to 9 years. Although there has been no minimum 
time selected after which pain following herpes can be classed as chronic, in 
reviewing the natural history of the disease Burgoon, Burgoon, and Baldridge 
noted that of 183 patients with acute herpes, 89.1 per cent were symptom-free 


in 5 weeks. 


TABLE I. SUMMARY OF 28 Patients WitH PosTHERPETIC PAIN SEEN From 1932 To 1956 


YEAR | TIME BETWEEN | 
ADMITTED | ACUTE HERPES | LOCATION | TREAT- | FOLLOW-UP 
PATIENT AGE SEX | RACE* | TO | AND HOSPITAL | OF MENT[L | TIME 
| HOSPITAL | ADMISSION | DISEASET | 


1950 1 yr. R C.-C, 
1945 3 yr. R T.-T, 
1946 8 mo. 
1945 
1951 1 yr. 
1943 5 mo. 
| 1946-1947 
1948-1949 9 mo. 
1955 3% yr. 
1953 
1952 
1954 
1953 
1953 8 mo. 
1953 5 yr. 
1955 4 yr. 
1955 10 mo. 
1955 13 mo. 
1953 18 mo. 
1953 5 mo. 
1955 9 yr. 
1954 3 mo. 
1955 3 yr. 
1955 
1954 31% mo. 
1953 
1955 4 mo. 
1952 9 wk. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
3 
4 
5 


1 


335408 

wn 


*W, white; N, Negro. 
TR, right; L, left. 
tM, medical; 8S, surgical. 


It may not be correct to state that the severity of the pain reduces with 
time, but there are fewer patients with persistent pain over 3 years after the acute 
process than there are in the 6 months to 3 years postherpes period. There may 
be several reasons for this: (1) The patients may have died of other causes. 
(2) This group may be going elsewhere for treatment. (3) The pain may have 
subsided sufficiently that it does not warrant medical care. (4) The patient may 
have despaired of getting relief. 
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74 W M 1 mo. 196¢ 
68 | W M 
64 W M 
83 W M - 
70 W M 
63 W M — 
63 W S | 6%yr. 
70 W 5 | ge 
58 W S 2 yr. 
1 78 W S | — 
1 84 W M -- 
1 68 W M 
1 62 M W 9 S 2 mo. 
1 68 F W M --- 
1 gee F W S 1 yr. 
16 M W S 
17 F N S 2 i 
| F W M 
19 | F W M 5 yr: 
20 F W | S | 

21 F W S 
M W M 
23 | M W M 2 yr: 
25 > 1 8 W M | 3 yr. 
26 61 M W S | A4-yr. 
27 67 F W M 2 mo. 
28 51 M W | M 5 yr. 
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Practically all of these patients had spinal x-rays which showed varying 
degrees of arthritis. In many this was quite severe, with narrowing of the in- 
tervertebral spaces and some degree of impingement on the foraminae. Distribu- 
tion of pain as related to body segments is noted to be most common in the 
thoracic area and almost evenly divided between the right and left sides. 


A comparison of the 28 patients reviewed here with the series reported by 
Van Blaricom and Horrax and by Burgoon, Burgoon, and Baldridge is given in 
Table II. Note the striking difference between the sex, age, and race reported in 
the natural history of the acute disease as compared with the patients having 
postherpetic pain. 


Fig. 1—The slight amount of Negroid pigmentation present in the one Negro patient with persistent 
postherpetic pain. 


Practically all of the patients in the present study had been under medical 
care before admission to the hospital. Many had received a barrage of drugs 
plus x-ray therapy and procaine injections. The medical treatment given in the 
hospital was just as varied. 

Evaluation of response to treatment is extremely difficult, since it is totally 
subjective. Perhaps of greatest interest is the poor follow-up of the 28 patients: 
10 never returned to either the clinic or the admitting physician’s private office; 
3 others were followed for only 2 months (Table IIT). 

Of the 15 patients with sufficient follow-up, 6, or 40 per cent, were classified 
as either ‘‘cured”’ or improved. If all 28 patients are included, then 6, or 21 
per cent, were improved. To classify such a patient as cured is somewhat mis- 
leading, because practically all patients classified as such had some persistent, deep 
pain regardless of the treatment given. 
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TABLE II. COMPARISON OF THE NATURAL History OF PATIENTS WITH HERPES ZOSTER AND 
PATIENTS W1TH POSTHERPETIC PAIN 


CATEGORY OF 
COMPARISON 


Total patients 


Female 


White 
Negro 


Duration of pain 


Distribution of pain | 


NATURAL HISTORY OF HERPES 
ZOSTER, PHILADELPHIA 
(BURGOON, BURGOON, AND 
BALDRIDGE?) 


POSTHERPETIC PAIN, 
BOSTON POSTHERPETIC PAIN, 
(VAN BLARICOM AND NEW YORK 
HORRAX!) (PRESENT SERIES) 


28 
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49.3% 


| 
60% | 75% 


0-39—41 .4% 
40-49—16.0% 
50-59—19.4% 
60-69—12. 
70-84— 8. 


100% over 40 
60-80-—75% 


100% over 50 
50-59—11% 
60-69—39 
70-79—43 % 
80+ — 7% 


81.8% 
18.1% 


(Of total of 111. Normal 
social distribution, as 
compared with total 
population of Philadel- 
phia) 


(Not included) 96% 
4% (1 patient; see 
text) 


| 


| Both severity and duration 
greater in older age group 


Of 183 patients, 89.1% were 


symptom-free in 5 wk. 


| Over 1 yr.—68% Under 6 mo.—25% 
6 mo.—1 yr. —29% 
1 yr.—2 yr. —18% 
| Over 3 yr.—39% 2 yr.-3 yr. —14% 
| 3 yr.—4 yr. 

| 4 yr.-5 yr. —3.5% 
Over 5 yr. —3.5% 


Thoracic—55 .3% 
Lumbar —13.1% 
Cervical —11.2% 
Sacral — 2.4% 
(Remainder were facial) 


Thoracic —78% 
Lumbosacral—11% 
Cervical —11% 
(Facial not included ) 


Thoracic —Most 
Trigeminal | 
Lumbar | 
Cervical 

Sacral — Least 


TaBLe IIT. SUMMARY OF TREATMENT RESULTS AND FOLLOW-UP 


TYPE OF TREATMENT 


Nonsurgical 
Surgical (skin) 
Surgical (pathways) 


NUMBER 


NO INSUF- FOLLOWED UP 


OF CURED | IMPROVED | CHANGE FICIENT OVER 


PATIENTS 


| FOLLOW-UP 


Totals 
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206 | 35 | 
| | 
Sex 
Age 
| 
| 
Race | | 12 
| | 
| | 
| 
| | 
| 1 YR. 
9 2 1 | 8 
28 2 4 4 13 15 
| | | 
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Several patients in the series were offered prefrontal lobotomy because 
of severe, constant pain, but all refused. Despite the apparent severity of pain 
in many patients and the numerous drugs used in therapy, there were no known 
drug addicts among this group of patients. 

Four patients were recognized as having disease more mental than physical. 
It is easy to classify as ‘neuropsychiatric’? the symptoms of a disease so obscure 
and so poorly understood as chronic postherpetic pain, and these patients deserve 
careful physical and mental evaluation. An exact history of the sequence of 
pain and its location is essential. A search for other causes, including systemic 
diseases and changes in the spinal column, must be made. 

Experience with surgical excision of the involved skin has been limited to 8 
patients, 4 of whom benefited from the procedure. The selection of these patients 
has been explained by Cramer.'? Unless an exact trigger area can be outlined 
and satisfactory pain relief accomplished by the injection of intradermal novo- 
cain, surgical excision is not indicated. Surgical excision of a large area is a sizable 
undertaking. If the area is not too wide, the edges can be undermined and closed; 
often the area is so wide that skin grafts are needed. Excision in the past has been 
carried down to the deep fascia. Free skin grafts, if needed, can be taken from the 
involved painful skin segments if there is not too much residual scarring; this was 
done in 2 cases. Otherwise, the skin grafts must be taken from other areas of the 
body. It may be equally satisfactory to remove split thickness skin grafts from 
the involved area, excise the dermis, and replace the skin, leaving the sub- 
cutaneous tissue. 


We do not propose another theory as to the cause of chronic postherpetic 
pain, although we are not entirely satisfied with any of the theories proposed 
thus far. From our own experience, and from that of others, removing or under- 
cutting the involved skin areas has not been completely successful; neither 
has x-ray therapy nor the multiplicity of drugs and medications given to these 
patients. 


CONCLUSIONS 


Patients with suspected postherpetic pain are in the older age group. They 
are likely to have other diseases and associated pathologic problems. The diagno- 
sis is not always clear-cut and other causes for pain must be considered. 

An exact history of the pain sequence and of the type and location of the 
pain is essential. A careful physical examination supplemented by laboratory 
work to rule out other diseases is mandatory. X-rays of the spine are essential, 
as is a careful neuropsychiatric evaluation. 

If the diagnosis of postherpetic pain is definitely established, the area of 
hyperesthesia must be carefully outlined. This zone should then be infiltrated with 
novocain intradermally. If there is relief of the superficial pain, surgical excision 
of the involved dermatomas may be considered. There is a good possibility that 
the superficial pain can be relieved by this procedure, but persistence of some deep 
pain or discomfort is the rule. The surgeon must follow up several vears on these 
patients to evaluate his results properly. 
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SUMMARY 


A review of the theories relating to acute and chronic herpetic pain has been 
undertaken. Forty-two patients hospitalized from 1932 to 1956 for postherpetic 
pain, exclusive of facial involvement, have been reviewed and compared with 
other series. The diagnosis of postherpetic pain is not easy to verify and care must 
be taken to exclude other possible causes of chronic pain. Evaluation of the 
response to therapy is difficult. A limited discussion of surgical technique in 
reference to skin excision is included here. 


REFERENCES 


1. Van Blaricom, L. S., and Horrax, G.: Chronic Post-Herpetic Neuralgia, J.A.M.A. 161:511, 
1956. 

2. Burgoon, C. F., Burgoon, J. S., and Baldridge, G. D.: The Natural History of Herpes Zoster, 
J.A.M.A. 164:265, 1957. 

Carter, A. B., and Dunlop, J. B. W.: Paresis Following Herpes Zoster, Brit. M. J. 1:234, 1941. 

Wise, F., and Sulzberger, M. B.: Year Book of Dermatology and Syphilology, Chicago, 
1938, Year Book Publishers, Inc. 

Stern, E. S.: Mechanism of Herpes Zoster and Its Relation to Chicken-Pox, Brit. J. Dermat. 
49:263, 1937. 

Faure-Beaulieu, M., and Lhermitte, J.: Les Iésions médullaires zona idiopathique. La 
myélite zostérienne, Rev. neurol. 1:1250, 1929. 

Head, H., and Campbell, A. W.: Pathology of Herpes Zoster: Its Bearing in Sensory Localiza- 
tion, Brain 23:353, 1900. 

Wright, S.: Applied Physiology, New York and London, 1941, Oxford University Press. 

Lewis, T., and Marvin, H. M.: Observations Relating to Vasodilatation Arising From Anti- 
dromic Impulses, to Herpes Zoster and Trophic Effects, Heart 14:27, 1927. 

Findlay, T., and Patzer, R.: The Treatment of Herpes Zoster by Paravertebral Procaine 
Block, J.A.M.A. 128:1217, 1945. 

Ranson, S. W., and Von Hess, C. L.: The Conduction Within the Spinal Cord of the Afferent 
Impulses Producing Pain and the Vasomotor Reflexes, Am. J. Physiol. 38:128, 1915. 

Ritchie, Russell W., Espir, M. L. E., and Morganstern, F. S.: Treatment of Post-Herpetic 
Neuralgia, Lancet 1:242, 1957. 

Beecher, H. K.: Relationship of Significance of Wound to Pain Experienced, J.A.M.A. 
161:1609, 1956. 

Gowers, W. R.: A Manual of Diseases of the Nervous System, ed. 2, Philadelphia, 1893, 
Blakiston Company, vol. 2, p. 815. 

Browder, J., and De Veer, A.: Herpes Zoster: A Surgical Procedure for the Treatment of 
Post-Herpetic Neuralgia, Ann. Surg. 130:622, 1949. 

Abbott, K. H., and Martin, B. C.: Surgical Treatment of Post-Herpetic Neuralgia by 
Subdermal Denervation, Neurology 1:275, 1951. 

Cramer, Fritz J.: Personal Communication, 1946. 

Secunda, L., Wolf, W., and Price, J. C.: Herpes Zoster. Local Anesthesia in Treatment of 
Pain, New England J. Med. 224:501, 1941. 

Reichert, F. L.: Herpes Zoster, Stanford M. Bull. 13:357, 1955. 

Hollander, E.: Dependence of Sensation of Pain on Cutaneous Impulses, Arch. Neurol. & 
Psychiat. 40:743, 1938. 

Street, A.: Use of Sympathetic Nerve Block in Herpes Zoster, Bell’s Palsy, Mississippi 
Doctor 20:480, 1943. 

Southworth, J. L., and Hingson, R. A.: Therapeutic Nerve Blocks, in Conduction Anesthesia. 
Clinical Studies of George P. Pitkin, Philadelphia, 1946, J.B. Lippincott Co., pp. 
864-930. 

Rosenak, S. A.: Paravertebral Procaine Block for the Treatment of Herpes Zoster, New 
York J. Med. 56:2684, 1956. 

Findlay, T., and Patzer, R.: The Treatment of Herpes Zoster by Paravertebral Procaine 
Block, J.A.M.A. 128:1217, 1945. 


VOL 
ik 
196 


| 
1( 
1 
1 
1 
14 
1: 
1] 
1 
2 
? 
2 


Le 
11 
960 


PATIENTS ON HOME CARE: 
THEIR CHARACTERISTICS AND EXPERIENCE 


FRANZ GOLDMANN, M.D.,* AND 
MarTA FRAENKEL, M.D.** (Received for publication Sept. 15, 1959) 


NEw York, N. Y. 


ITH the growth of organized programs of home care, increasing attention 

has been paid to the evaluation of their activities and the determination of 
their potentialities and natural limitations. General surveys, such as those 
conducted by the Public Health Service! and the American Medical Association,” 
have furnished some of the basic information that is necessary for the under- 
standing and assessing of the functions of these programs. Several specific studies, 
notably those by the Hospital Council of Greater New York,’ by Bakst and 
Marra,‘ and by Perrow,°’ have shed light on numerous matters obscured by the 
fog of claims and counterclaims. But the unknown still outweighs the known, 
as a review of the literature shows. The decisive questions which need to be 
answered are these: What are the characteristics of home-care patients as a 
group? Precisely what services, and how many of each type, are actually received 
by individual patients over a long period of time? 

In an effort to obtain pertinent information, 155 patients on home care were 
continuously observed for approximately one-half year and all services rendered 
to them were regularly recorded. These patients were under the care of the pro- 
grams sponsored by the Montefiore Hospital in New York City, the Jewish 
Hospital in St. Louis, and the Albert Einstein Medical Center in Philadelphia. 

The three programs chosen for the study had certain elements in common, 
They were operated as extensions of nonprofit general hospitals and were ad- 
ministered by personnel on the staff of the hospitals; they emphasized the team 
approach by systematic provision of the services of physicians, nurses, social 
workers, and physiotherapists or occupational therapists; and they had contracts 
with visiting nurse associations for nursing service. The main difference lay in the 
organization of medical services. In New York and St. Louis, selected physicians 
in private practice who had agreed to give part of their time to this task made 
house calls; all held appointments on the staffs of the respective hospitals. In 
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addition, senior residents in medicine and surgery were assigned periodically 
in St. Louis. In Philadelphia, any private physician in the community could 
answer house calls under the program; about every second physician actually 
rendering service had staff privileges at the Albert Einstein Medical Center. 


METHODOLOGY 


The study was intentionally confined to the measurement of all services 
received by patients over a period of time. It was focused on the chronic diseases 
or disabilities that were of greatest current interest, known to be relatively 
common among patients on home care, and likely to yield useful information on 
the working relationships between the home-care programs and other resources. 
Accordingly, the design of the study called for observation of patients with any 
of the following diseases: (1) coronary occlusion, coronary insufficiency, myo- 
cardial infarction; (2) heart disease with cardiac decompensation, excluding 
conditions listed under (1); (3) diabetes with peripheral vascular disease, in- 
cluding infection or gangrene of an extremity; (4) intracerebral vascular accident ; 
(5) malignant neoplasm; (6) pulmonary tuberculosis. 

Continuous observation of patients for more than 6 months, or up to the 
date of closing, was the second element of the study design. It was to cover all 
patients in the specific categories who were on home care at the beginning of the 
study and also those who were admitted during the first month. 

Current recording of all services rendered to the patients under observation 
was the third element of the design. For this, local personnel was used exclusively. 
Each team consisted of a physician, a social worker, and a person skilled in the 
administrative or statistical aspects. To attain uniformity as well as comprehen- 
siveness of reporting, a special schedule, prepared by the director of the study, 
was used by all three programs. It consisted of two parts, one for describing the 
characteristics of the patient (personal and socioeconomic data and information 
on the health condition, with emphasis on functional ability) and one for the 
daily recording of all services received by the patient during the period of ob- 
servation. 

Some deviations from the plan for the study were discovered when the 
data supplied by the programs were analyzed. Two programs included a few 
patients with primary diagnoses other than those listed. Cne program covered 
new admissions and readmissions for 2 additional months, terminated the ob- 
servation at the end of 5 months, and failed to record visits made by student 
nurses. Except for the latter omission, the neglect of certain procedures by two 
programs did not adversely affect the outcome of the study. The periods of ob- 
servation extended from April through September, 1958, in Philadelphia and St. 
Louis and from April through August, 1958, in New York. 

Preliminary checking of the material brought to light marked differences 
in the patients’ needs for services, depending on the duration of home care as 
well as on the nature and stage of illness. It became clear that the analysis of 
services received could be meaningful only if it was related to categories of pa- 
tients distinguished by the duration of their home-care episodes. The classifica- 
tion chosen for this purpose was as follows: (1) ‘“‘continual care,’’ meaning 
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patients on home care at both the beginning and end of the study period, with 
subdivision into “uninterrupted continual care’ and ‘‘interrupted continual care’”’; 
(2) ‘initial care,”’ referring to patients whose home-care episode started during the 
study period and continued to its end; (3) ‘‘service terminated,’’ denoting pa- 
tients who had been receiving service by the program prior to the beginning of the 
period of observation and for one reason or another were discharged during that 
time; and (4) ‘‘short-term care,’’ designating patients whose home-care episode 
started and ended during the period of observation. 


MAJOR FINDINGS 


The findings presented here in composite form were derived from detailed 
reports on 155 patients, including 104 served by the program at the Montefiore 
Hospital, New York, 38 served by that at the Jewish Hospital, St. Louis, and 13 
served by that at the Albert Einstein Medical Center, Philadelphia. The data 
are heavily weighted by the observations at the program sponsored by the 
Montefiore Hospital that dates back to 1947 and has been the model for other 
hospital-based programs. 


TABLE I. HOME-CARE PATIENTS BY AGE AND BY SEX, THREE PROGRAMS, 1958 


PATIENTS ON HOME CARE 


ALL FEMALE 


NUMBER | PER CENT | NUMBER PER CENT NUMBER PER CENT 


<55 42 15 23.4 29.7 
55-64 36 15 23.4 21 
65-74 54 34.8 21 32.8 33 36.3 
75-84 19 9 14.1 10 10.9 
6 — 


64 


Totals 


Age and Sex Distribution.—The 155 patients included 64 men and 91 women, 
the latter thus constituting nearly 59 per cent of all patients. One-half of all 
patients were under 65 years of age and one-half were older, the heaviest con- 
centration being in the age group 65 to 74. Patients aged 65 and over made up 53 
per cent of all male patients and 47 per cent of all female patients. A few of the 
men, but none of the women, were in the high eighties. 

Living Arrangements.—Seven out of 10 patients were living with relatives, 
often with children. One out of 5 was living with a spouse only, and 1 out of 13 
was living alone. All but 1 of the latter group were senior citizens. Persons in 
the age group 65 and over accounted for slightly more than one-half of those 
living with a spouse only and for more than four-tenths of those having other 


arrangements. 
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Economic Conditions. Most of the patients were either without independent 
incomes of their own or had annual incomes of less than $1,000. A large proportion 
were depending for their support on benefits from the Old-Age and Survivors 
Insurance system, public assistance, or both, and a small proportion were re- 
cipients of other benefits, such as private pensions. In the majority of cases, 
family income was low. 

Physical Ability.—Seven out of 10 patients were unable to move around 
freely or to perform without assistance routine functions of daily living such as 
washing face and hands, brushing teeth, shaving, dressing, or eating. Persons 
with limited physical ability were found slightly more often in the age group 65 
and over than in the younger age groups. Two out of 10 patients had unrestricted 
mobility and physical ability and were capable of attending to all the necessary 
daily chores. In this group senior citizens were in the minority. One out of 10 
patients was completely immobilized and dependent on others, being confined 
to bed and requiring use of bedpan as well as help in eating and washing. These 
were predominantly younger persons. 


TABLE IT. HoME-CARE PATIENTS BY PHysICAL ABILITY AND BY AGE, THREE PROGRAMS, 1958 


PATIENTS ON HOME CARE 


| | 
| 
PHYSICAL ABILITY ALL | UNDER 65 YEARS | 65 YEARS AND OVER 


) | 


NUMBER PER CENT | NUMBER | PER CENT | NUMBER | PER CENT 


| 
| 
No limitation 30 17 13 
Limitation 108 69.6 | 50 58 37.4 
Complete disability 17 11 6 3.9 
Totals 155 100.0 78 50.3 7 | 


Duration of Service.—Detailed information on the duration of service could 
be obtained for 142 patients served by two programs. Six out of 10 patients 
were on the rolls of these programs at the end as well as the beginning of the 
study, but more than one-fourth of those receiving ‘‘continual care’”’ had to be 
transferred to a hospital for intermediate treatment, in most instances for less 
than 30 days. One out of 8 patients was admitted to the program during the period 
of the study and continued to receive service during these months. One out of 5 
was dropped from the active list after having been on the program prior to the 
beginning of the study; and 1 out of 14 was admitted and discharged during the 
period of observation. 

Transfer From Hospital.._Almost all the patients served by the home-care 
programs were initially referred by the hospitals. Prior to and during the study 
period, 6 out of 10 patients were transferred to home care for the first time; 
4 out of 10 patients had experienced repeated referrals, ranging from two transfers 
for one-fifth of all patients to six or more for a few. 
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TABLE III. Home-Care Patients BY PHASE oF CARE, Two ProGRAMs, 1958 


PATIENTS 


PHASE OF CARE 
NUMBER PER CENT 


Continual care 
Uninterrupted 
Interrupted 

Service terminated 

Initial care 

Short-term care 


Totals 100.0 


TABLE IV. HoME-CARE PATIENTS BY NUMBER OF TRANSFERS TO HOME Care, Two ProGrams, 1958 


Le 


PATIENTS 


60 


NUMBER OF TRANSFERS* | 
NUMBER PER CENT 


1 

z 

3 
4or5 
6 


or more 


Totals 
*Includes transfers prior to study period and the transfer noted at the beginning of the study. 


TABLE V. PATIENTS ON UNINTERRUPTED CONTINUAL CARE, BY LENGTH OF EPISODE AT END OF 
OBSERVATION AND BY PHysIcAL ABILITY, THREE PROGRAMS, 1958 


PHYSICAL ABILITY 


DURATION OF EPISODE NUMBER OF 
COMPLETE 


PATIENTS* NO 
LIMITATION LIMITATION DISABILITY 


Under 1 yr. 2 15 
t6.2 Yr; 16 
2 yr. and over 


Totals 


*Excludes one patient for whom date of admission was not reported. 


Duration of Episodes of Home Care.—Sixty-five patients were receiving 
uninterrupted continual care throughout the whole period of observation. Two- 
thirds had been on home care without interruptions for a year or longer, and 


81 
62 43.7 
22 15.5 
31 21.8 
17 12.0 
10 7.0 
= 
|_| | 
87 61.3 
27 19.0 
14 9.9 
10 7.0 
4 2.8 
| 5 
1 
1 
a | 65 17 | 41 7 
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more than one-fourth for 2 years or longer, when the study was terminated. 
The majority of these patients were suffering from conditions limiting their 
physical ability, a substantial number were fully able to take care of themselves 
without help, and a small number were completely disabled. 

A total of 88 episodes of home care were terminated during the study period. 
These episodes had lasted from a few days in some instances to several years 
in others. They had extended more than a vear or longer for one-fourth of all 
those whose care was discontinued during the period of observation. The cause 
of termination was death or transfer to a general hospital in the majority of cases. 
In most of the remaining cases the reason was referral to, in order of decreasing 
frequence, an outpatient department of a hospital or a health center, a private 
physician, or a nursing home. 


TABLE VI. TERMINATED EpisopEs OF HOME CARE, BY DURATION, THREE PRoGRAMS, 1958 


TERMINATED EPISODES 


DURATION OF EPISODE 


NUMBER PER CENT 


Under 2 wk. 5 Sy 
2 wk. through 1 mo. 13 14.8 
2 through 3 mo. 17 19.3 
4 through 6 mo. 19 21.6 
7 through 12 mo. 13 14.8 
1 to 2 yr. 15 17.0 
2 yr. and over 6 6.8 

88 0 


Totals 


Type and Amount of Service.—In order to determine the type and amount 
of service rendered to patients on home care and to decide the quantity con- 
tributed by the various members of the teams, the average number of monthly 
visits by specified type of personnel was computed for all patients with a record 
of at least 1 full month of service by the program. Pertinent data could be as- 
sembled for 147 of the 155 patients in the study. 

All patients were visited by physicians. The average number of such visits 
per month ranged from less than one in a few instances to four or more in one- 
fifth of all patients. Most frequent was an average of two to three visits a month— 
observed in over one-third of all cases; ranking second in frequency was an average 
of one to two visits a month—the experience of one-fourth of all patients. 

Nursing service was received by 6 out of 10 patients. The amount ranged 
from an average of less than one visit per month for one-fifth of those receiving 
such service, to an average of four or more (exceeding eight in many instances) 
for one-half of those visited. These figures understate the situation, because the 
apparently numerous visits by student nurses under one of the programs were 


not reported. 
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Visits by social workers to the homes of the patients were reported for 8 
out of 10 patients. They averaged less than one a month for one-half of the 
patients actually visited, from one to two for one-third, and two or more for 
one-fifth of all patients. Those who were not visited by social workers, represent- 
ing one-fifth of all patients, included quite a few who had been on the home-care 
program for a considerable time. [t should be kept in mind that the social workers 
render a substantial amount of additional service to home-care patients or their 
families in many ways. 

Services by physiotherapists, occupational therapists, or speech therapists 
were received by more than one-half of the patients during the period of observa- 
tion. The average number of monthly visits ranged from less than two to eight 


VIT. Home-Care PATIENTS BY AVERAGE NUMBER OF Visits PER Monta From SPECIFIED 
PERSONNEL, THREE PROGRAMS, 1958 


PATIENTS VISITED 
AVERAGE 
NUMBER OF PHYSICIANS NURSES SOCIAL WORKERS: THERAPISTS 


MONTH 


PER PER PER 
NUMBER CENT NUMBER CENT NUMBER CENT NUMBER 


59 
17 
14 
8 
7 
19 
8 
15 


None 

Less than 1 
1 to 1.9 

2 to 2.9 

3 to 3.9 

4 to 5.9 

6 to 7.9 

8 and over 


Totais | 147 | 100 147 


| | 
mW 


100.0 147 


and more. Nineteen, or about 13 per cent of all patients, were visited an average 
of four or more times a month—more than six times in the majority of such 
cases. 

Services of housekeepers were reported by two programs. They were made 
available to 1 out of 4 patients, in most instances on a regular basis. Almost 
always, housekeepers came once a week to the patients’ homes. 

Team Activities.—To what extent do the various members of the medical- 
care team actually participate in the care of the patients? This question was 
tackled by computing the number of different types of service rendered each 
month during the period of observation, with only completed months counted. 


Attendance by two or three members of the team was found to be the most 
common pattern, prevailing in almost 2 out of 3 months of home care. With 
very few exceptions, one of these team members was the physician. Attendance 
by only one professional person (usually a physician, but occasionally a nurse, social 
worker, or therapist) ranked second in frequency, occurring in 2 out of 10 months. 


1 
PER 
28 64 43.5 
8 55 37.4 27 18.4 
35 39 2625 12 8.2 
53 11 11 
24 | 6 4.1 - 44 9.5 
21 7 4.8 6 4.1 
6 — 8 5.4 
— 1 0.7 5 3.4 ; 
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During only a minute proportion of the period was there no attendance; during a 
substantial proportion, about one-sixth, four or five team members were active. 


TaBLe VITT. Montus or HoMe Care, BY NUMBER OF DIFFERENT TYPES OF SERVICE RENDERED TO 
PATIENTS, THREE PROGRAMS, 1958. 


MONTHS OF HOME CARE 
NUMBER OF DIFFERENT 
rYPES OF SERVICE 
NUMBER PER CENT 


Totals 57 100.0 


DISCUSSION 


The composite picture of the patients served by the three organized pro- 
grams of home care is interesting in several respects. It portrays the characteristics 
of the people who have been accepted for service, after careful examination of both 
their needs and their suitability for home care. It shows the type, amount, 
and period of service actually received by such patients over approximately 


one-half year, and thereby depicts the accomplishments and limitations of home- 
care programs as well as the ‘‘needs met”’ for the patients. It indicates what the 
probable experience of any program serving more than a small number of pa- 
tients will be after it has overcome the growing pains. Naturally, a composite 
picture of the characteristics and experience of a group of patients cannot, and is 
not intended to, reveal the activities and judge the value of individual programs. 
It describes the pattern emerging from the observation of a number of patients. 
There were differences from program to program, but the similarities were num- 
erous and striking enough to permit general conclusions. * 

The data presented suggest that well-established programs of home care will 
serve a group consisting about equally of persons under 65 years of age and older 
persons, if not a group comprising more senior citizens than younger persons. 
This assumption is supported by the experience of thirteen home-care programs 
operated by municipal hospitals in New York City® and of the program sponsored 
by the Michael Reese Hospital in Chicago,’ among others. 

The excess of women over men among the patients studied seems to be no 
unusual phenomenon. It has been reported repeatedly, as in a sample study of 
patients receiving home care in New York City,’ a review of patients accepted 
for treatment by the home-care program of the Jewish Hospital of St. Louis 
from 1953 to 1958,° and a study of patients discharged from the home-care 
service of the Visiting Nurse Association of Detroit in 1958.° 


*A detailed description, with breakdown of data by program, may be obtained from the Council 
of Jewish Federations and Welfare Funds, 729 Seventh Avenue, New York 19, N. Y. 
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Significant is the finding that 1 out of 13 patients was living alone and that 
practically all of these were senior citizens. For such persons the personnel 
of the home-care program may well have a greater responsibility than for persons 
living with others, unless neighbors exhibit more than a token interest in the 
patient. It is noteworthy that slightly more than 20 per cent of all patients were 
living with only a spouse, while 70 per cent had other arrangements, most fre- 
quently with children. 

It has been asserted frequently that degree of functional ability is a much 
more important test of suitability for home care than is the nature of the disease. 
But the actual situation has not been studied sufficiently to permit generally 
valid conclusions. Seven out of 10 patients observed at the three programs were 
limited in their physical ability, but were not helpless; 2 out of 10 had no disability 
worthy of recording; and 1 out of 10 was completely dependent on others. Ob- 
viously, care of persons who are able to move around and perform the usual 
functions of daily living is a relatively easy task for a home-care program, and if 
the proportion of such persons is substantial, the need for regular service is not 
great. Conversely, acceptance of a considerable number of severely disabled per- 
sons and continuation of their care over a long period results in much service by 
the personnel of the program and high costs, and it raises the question of the 
relative merits of home care and institutional care. Yet, the psychologic aspect of 
the matter must not be overlooked. As a patient once remarked, ‘‘I am more at 
home—at home.”’ What needs thorough exploration is the question of the at- 
titude of the family of the patient toward extension of home care over long periods, 
especially the question of continued availability of a suitable psychologic en- 
vironment for the sick. 

The role of organized programs of home care within the framework of 
community health services can be defined and assessed only by determining the 
total period over which the patients are under care, the frequency of intermediate 
readmissions to the hospital, and the frequency of definite discharge because of 
improvement of health, need for long-term care in an institution, or death, 

Six out of 10 patients studied received service from the programs throughout 
the whole period of observation, two-thirds of them having been under continuous 
care for a year or longer and close to three-tenths for 2 or more years when the 
study ended. One out of 5 patients was temporarily or definitely discharged 
from the program during the period of observation, 17 per cent of these having 
received service for at least 1 year and almost 7 per cent for 2 years or longer. 
These findings demonstrate the important contribution of home-care programs to 
long-term care of persons who, for one reason or another, require help beyond the 
capacity of a lay person. They support the suggestion that home care be made an 
integral part of any program of medical care, regardless of auspices or groups 
covered.!° 

The duration of stay on home care has a clearly definable bearing on the 
total amount as well as the specific types of service required by the patients. 
Those under continual care need relatively the smallest amount of service and 
those accepted for initial care relatively the largest. Intensive service is also 
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required by those who are near the end of their home-care episode due to de- 
terioration of their condition. Like an insurance program, a home-care program 
will be confronted with high costs of operation if patients needing much service 
make up a substantial proportion of all patients. The duration of stay on home 
care is obviously influenced by socioeconomic, psychologic, and health factors, 
each of which may play a decisive role. 

Readmission to a hospital for intermediate treatment had become necessary 
for 4 out of 10 patients studied, and four or more readmissions were recorded 
for one-tenth of the patients. The high frequency of referral back to the hospital and 
the large proportion of repeated readmissions testify to the efforts of the home- 
care programs to do the best for their patients; these facts also underscore the 
importance of a close relationship between a home-care program and a hospital. 
The findings on the alternation of periods of home care and periods of hospitaliza- 
tion, together with those on length of stay and its implications, must be taken into 
account in planning and organizing new programs and in estimating the total 
costs of care for patients served by such programs. 

Service by teams of persons with different skills is one of the basic principles 
governing the operation of organized programs of home care. That the team 
approach is actually prevalent is proved by the finding that attendance by two or 
three different types of professional persons during a month was found to be the 
most common pattern. The type and amount of service provided are influenced 
not only by the health conditions of the patients and, especially, their degree of 


physical or mental ability, but also by the emphasis placed on the use of such 
specialists as therapists and social workers. This is suggested by the finding that 
during the period of observation therapists attended more than one-half of the 
patients studied, in many instances giving extensive service, and that social 
workers visited 8 out of 10 patients. 


Theoretically, the services of visiting housekeepers should be advantageous 
to many patients, especially those living alone, those suffering from serious 
disability, and those of far advanced age. Actually, housekeeping services have 
been provided for only a fraction of the patients. Whether this situation can be 
attributed to infrequency of need because of enlistment of family members in the 
care of the patient or to lack of suitable personnel is an open question. It would be 
highly desirable to explore this matter fully, with emphasis on precise definition 
of both the time required for effective service and the best method of organization, 
including supervision. 

It is reasonable to assume that the home-care services actually received by the 
patients were more or less identical with the services they needed, since the 
financial barrier was eliminated by all three programs and 9 out of 10 patients 
studied were served by the two well-established programs. The only exception to 
this generalization may be in regard to service by visiting housekeepers. 

Although team activities differ from program to program, all three programs 
are alike in their emphasis on individualizing home care and on differentiation 
of service through provision of intensive care, intermediate care, or supervision 
for persons capable of self-care. 
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SUMMARY 


1. One hundred and fifty-five patients of three organized programs of home 
care were continuously observed over a period of 5 to 6 months in 1958 to deter- 
mine the type, scope, and amount of service received by them. 

2. All patients were visited by physicians, the most frequent pattern being 
an average of two to three visits a month. Six out of 10 patients received nursing 
service and more than one-half of these were visited four or more times a month. 
Eight out of 10 patients were visited by social workers, in many instances more than 
once a month. About every second patient was attended by a physiotherapist 
or occupational therapist and quite a few were visited four or more times a month. 

3. Attendance by two or three members of the medical-care team during a 
month was most common. 

4. Readmission to a general hospital had become necessary for 4 out of 
10 patients studied, and repeated readmissions were necessary for a considerable 
number. 

5. Type, scope, and amount of service required by the patients are strongly 
influenced by the proportional distribution of physically able, partially disabled, 
and completely disabied patients and by the duration of stay on home care. 

6. Well-organized home-care programs render valuable service to many 
patients over long periods of time, exceeding 1 year in numerous instances. 

7. Close working relationships between home-care programs and general 
hospitals are essential to effective service. 


This study is one of a Series of studies on coordination of health services for patients with 
long-term illness. The project is sponsored by the Council of Jewish Federations and Welfare 
Funds, Inc., New York, and is supported bv a grant from the U. S. Public Health Service 
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CATALYTIC MODELS IN EPIDEMIOLOGY. By Hugo Muench, M.D., Dr.P.H. Cambridge, 
Mass., 1959, Harvard University Press. Pp. 110, indexed. Price $4.50. 


In many biologic disciplines, attempts are continually being made to develop various types 
of mathematical ‘models’? to provide a better understanding of the factors that influence the 
phenomenon under study. This has been true for epidemiology, as exemplified by this monograph 
in which Dr. Muench describes the application of ‘‘catalytic’’ mathematical models to certain 
kinds of epidemiologic data. The procedures presented in this monograph consist of developing 
a simple description of various kinds of epidemiologic relations between population groups and 
the rate or force of infection. These relations are then put into the form of differential equations 
which are solved, with the resulting equation representing a description of these relationships. 
The equation is then fitted to the data using the method of moments. For simplifying the mechanics 
of curve fittings, Dr. Muench has developed several nomograms, which are in the appendix. 

The underlying reasoning and procedures can be illustrated by the simple catalytic model, 
which is the simplest type of model presented by the author. On various population samples in 
Brazil, yellow-fever protection tests were carried out in several age groups. The data showed a 
fairly regular increase with age throughout life. One would like to answer the question as to whether 
this increase with age is such as would result from a constant force or rate of infection acting 
on this population throughout life. Also, one would like to estimate this rate of infection, which 
represents the proportion of individuals who became infected per unit time. Assuming a constant 
rate of infection, a differential equation is developed and solved. Using the nomograms, the re- 
sulting equation is fitted to the data. If it fits, then it is logical to suppose that the reasoning on 
which the model was based might represent an explanation of the data. If it does not fit, then one 
might modify the assumptions and develop other equations which one could attempt to fit to the 
data. 

Most of the applications relate to the age-specific frequencies of various infectious diseases, 
and different types of models for different epidemiologic hypotheses are presented. Thus, after 
discussing the simple catalytic curve and some of its variations, the reversible catalytic model and 
the two-stage catalytic model are developed and discussed. Dr. Muench also presents an applica- 
tion of this approach to the analysis of survivorship among patients with such noninfectious 
diseases as cancer and hypertension. 

The last chapter is devoted to the sampling problem, on which the author's position may be 
open to criticism. For example, he states, ‘Since the epidemiologist rarely has time and money to 
spend on trying to design and secure an ideal sample in any situation, he must generally compro- 
mise. .. .”’ It seems that today human population sampling methodology has reached the stage 
where the epidemiologist has very little excuse not to use adequate sampling methods in his field 
survey work when he is collecting data to be analyzed by the techniques presented in this volume, 
Admittedly, in some instances, he may be unable to do so, but in most situations he should attempt 
to obtain an adequate sample. The monograph could have been strengthened by inclusion of a 
brief review of sample survey methods or by omitting such compromising statements. 

The monograph is well written and will be useful to epidemiologists and statisticians interested 
in the application of these mathematical models. Hopefully, it will stimulate some interest in the 


application of these models to other types of epidemiologic data. 


Abraham M. Lilienfeld 
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RECENT ADVANCES IN CARDIOLOGY. By Terence East, M.A., D.M., F.R.C.P., and Curtis 
Bain, M.D., D.M., F.R.C.P. Fifth Edition, Boston, 1959, Little, Brown & Company. Pp. 421, 


indexed. Price $10.00. 


This is quite a good little book. Although at first glance I was inclined to be critical of the 
age of some of the references, the authors’ preface anticipates this shortcoming. As they put it, 
“The time of literary gestation tends to increase so that many months must elapse between con- 
ception on paper and parturition in print.’’ There are very few references to work published after 
1957. We have, then, a somewhat hypermature offspring and we must be content with the fact 
that most of the advances are ‘relatively’ recent. 

What the authors have done with their material is admirable. The discussions are remarkably 
pithy, with hardly a wasted paragraph. All of the important topics in modern cardiology (up to the 
date of the book’s editing) have been dealt with in a critical and sensible way. There are adequate 
references to each subject. 

The volume is organized into ten major chapters, each dealing with a major aspect of cardiol- 
ogy. These include congenital cardiac defects, infections of the heart, aorta, and pericardial sac, 
myocardial disease, hypertension, pulmonary heart disease, the heart and circulation in various 
clinical states, diseases of the coronary circulation, bradycardia and disorders of conduction, 
tachycardia, and heart failure and its treatment. The book is nicely printed and well illustrated. 
Surgery is not dealt with as a separate topic, but is discussed where appropriate. 

In a few places [ wondered about the basis for certain comments, for example, on page 236 
the authors indicate that the serum transaminase is increased in hepatitis but not to the same 
extent as in myocardial infarction. On page 268 the authors cite some disappointing experiences 
with the use of noradrenalin in patients with shock following myocardial infarction. However, 
other studies purporting to show that this drug may be of benefit are not quoted. On page 380 
the authors discuss chlorothiazide and it is clear that at the time of writing little experience with 
the drug was available. The fact that it tends to lower blood pressure is mentioned, but its useful- 
ness in the management of hypertension is not discussed in the section devoted to that disease. 


On page 344 the authors advise that digitalis be stopped following the conversion of atrial flutter 
to fibrillation, in order for a normal sinus rhythm to be permitted to return spontaneously. Many 
have questioned the advisability of stopping digitalis in this way. 

By and large, however, I was pleased to find that the point of view expressed by the authors is 
consonant with the best in modern cardiology in almost every respect. This book certainly can be 
recommended to practitioners, internists, and students, and would serve as an excellent review 


for anyone interested in surveying the field. 
Abraham Genecin 


DIE PHLEBOGRAPHIE DER UNTEREN EXTREMITAT (THE VENOGRAPHY OF 
THE LOWER EXTREMITIES). By Robert May, M.D., and Raimund Nissl, M.D. 
Stuttgart, 1959, Georg Thieme Verlag. Pp. 197, indexed. Price $17.85. 


The purpose of this monograph is to further the diagnostic evaluation of patients with diseases 
involving the veins of the lower extremities and the pelvis. 

Since thrombosis and its sequelae have become a major clinical and social problem in many 
countries, the urgency of finding new therapeutic means is obvious. This attempt must be based 
on sound diagnostic methods, among which venography will be of increasing importance, not 
only as initial examination, but also to check the results during the period of treatment. 

Introductory chapters review the anatomy, physiology, and pathophysiology and acquaint 
the reader with the technique of retrograde venographs, including various contrast media and 
their potential harmfulness. Two hundred fifty illustrations of excellent quality (roentgenographs, 
line drawings, photographs) demonstrate the appearance of acute and chronic thrombosis, the 
post-thrombotic syndrome, congenital anomalies, alterations in leg ulcers, tumors, and venous 
aneurysms. In many cases the roentgenographic findings are compared with the surgical or an- 
atomic specimen; in others, long-term follow-up results are demonstrated. 


J. Chron. Dis. 
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The international bibliography, which is inserted at the end of every chapter, is pertinent 
and up to date. The listing of titles increases the book's value as a useful reference work. 

To all physicians who are concerned with the diagnosis and treatment of chronic disorders 
resulting from disturbances in venous function, this hook is recommended as a stimulating addition 
to our present knowledge in this field. 


Martin W. Donner 
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